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In the early period of cardiac catheterization there was little inclination to pass the catheter tip 
beyond the right atrium, and therefore only right atrial pressures and cardiac output measurements 
were available (McMichael and Sharpey-Schafer, 1944a; Stead er al, 1948). The essential findings 
in this and Stead’s laboratory were that digoxin or lanatoside C reduced the right atrial pressure 
early, and usually increased the cardiac output. Both groups, however, observed a few cases in 
which the right atrial pressure fell without any significant change in cardiac output. This pressure- 
reducing action was frequent enough to suggest that it might play a primary role; and this view was 
supported by (1) simultaneous observations that venesection might cause an increase in cardiac 
output of the same order as that produced by digoxin, and by (2) published work suggesting that 
digitalis reduced venous pressure in normal animals (Dock and Tainter, 1930) and in man (Rytand, 
1933). This conception had the additional attraction of offering a possible explanation for some of 
the failures of digitalis therapy in certain instances of ** high output heart failure” in which increased 
venous pressure was perhaps compensatory in nature. 

Further observations, however, have compelled revision of this view. On making detailed com- 
parisons it was realized that the heart did more work after digoxin than after venesection (Howarth, 
McMichael and Sharpey-Schafer, 1946). Bloomfield et a/. (1948) showed that in a wide variety 
of patients with heart failure ouabain had a direct stimulating action on the myocardium—a result 
that has been confirmed by Ahmed ef a/. (1950). In selected groups of cases it has been shown 
on the one hand that digoxin can increase the cardiac output in left ventricular failure without there 
being necessarily a concomitant reduction in venous pressure (Harvey ef al., 1949), and on the 
other hand that the venous pressure may fall without there being any measurable increase in output 
(McMichael and Sharpey-Schafer, 1944a). Deductions from the results of earlier observations 
were based on Wiggers’ interpretation of Starling’s law that small changes in filling pressure of the 
heart were of paramount importance in determining the strength of the cardiac contraction. Such 
an assumption cannot be accepted unreservedly. Warren et al. (1948) have shown that the output 
of the normal human heart is subject to controls more complex than simple government by Starling’s 
law. Thus the significance of small changes in filling pressure of the order of 1-2 cm. saline becomes 
more difficult to assess. Experience has also made us aware of the random error in measurement 
of cardiac output by the technique of catheterization, the great variety of hemodynamic changes in 
different types and grades of heart failure, and the varied responses to digitalization. 

Unanswered problems and conflicting observations still abound. Harvey er al. (1949) have 
found in left ventricular failure without systemic venous congestion that digoxin produced a fall 
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in the systolic pressure without any fall in the diastolic pressure in the right ventricle, whereas 
Lagerlof and Werko (1949) often observed both an increase and decrease in systolic and diastolic 
right ventricular pressures after lanatoside C. The fall in right atrial pressure that follows digoxin 
and lanatoside C, and may precede and be independent of changes in cardiac output, still demands 
an explanation. It was decided, therefore, to make further observations on the action of digoxin 
using optical records of the right ventricular pressures as an aid to interpretation. 


METHODS 


The cardiac output was measured by the Fick principle using the same techniques as before 
(McMichael and Sharpey-Schafer, 19444) with the following additional precautions: (1) the Haldane 
blood-gas apparatus was immersed in water to eliminate any temperature changes (Douglas and 
Priestley, 1948); (2) blood samples were stored under oxygen-free paraffin and quickly cooled in ice 
if there was to be any delay in their analysis; and (3) two or three control samples were always taken 
under resting conditions. The coefficient of variation of the arteriovenous oxygen difference is 
+3-5 per cent, and of the oxygen uptake +5 per cent (Pugh and Wyndham, 1950). Assuming 
the variances to be additive, the coefficient of variation of a single determination of cardiac output 
is +6-0 per cent. When two or three estimations are made at or near the critical periods of the 
observation, this error may of course be reduced, and by studying a number of cases trends of 
behaviour may be established. 

Respirations were recorded from a thermocouple inside a short length of glass tubing which 
was inserted into the nose. An electrocardiogram, usually lead II or III, was also recorded. 

Pressure measurements. The fluctuating pressures in the right ventricle may be recorded by a 
technique similar to that used by Wiggers (1928) in animals. In man difficulties arise because the 
long intracardiac catheter damps down the frequency response of any recording device. We have 
used the strain gauge (Lambert and Jones, 1948) which is sturdy and can be operated in conjunction 
with a high-frequency mirror galvanometer without any intermediate amplification. Two Statham 
strain gauges have been used—one (0-15 Ib./sq. in.) for recording intra-arterial pressures through an 
indwelling needle in the brachial artery, and the other (0-4 Ib./sq. in.) for intraventricular pressures. 
In some cases the 0-15 lb./sq. in. gauge has been used for measuring intraventricular pressures. 
The instruments’ natural frequency was of the order of 100 cycles a second, but this was damped 
down to a frequency of 17-20 cycles a second by the catheter. A suitable needle was interposed 
between the catheter and the gauge to eliminate overswing. According to Wiggers the most rapid 
components in a harmonic analysis of the intraventricular pressure curve may be 25 cycles a second. 
We, therefore, make no claim that our pressure records give the exact shape of the intraventricular 
pressure curve. We believe, however, that they are sufficiently accurate during the slower pressure 
fluctuations that take place in diastole and during the short period of sustained pressure usually 
inscribed in systole to indicate the ventricular systolic and diastolic pressures. Fig. | and 2 show 
the behaviour of the strain gauge under various conditions of test. 

In analysing the pressure tracings from the right ventricle, we have followed the technique of 
Bloomfield et a/. (1946), and measured the systolic pressure (Ps) and the end diastolic pressure 
(Pd,) just before ventricular systole. The intraventricular pressures rise and fall with respiration, 
and therefore the systolic and diastolic pressures during at least one complete respiratory cycle have 
been measured and the results averaged for the recording of Ps and Pd). 

It will be noted from Fig. 3 that the systolic pressure in the right ventricle may be regarded as the 
same as the pulmonary artery systolic pressure. The end diastolic pressure in the ventricle indicates 
the tension within that chamber immediately before the myocardium begins to contract. 

Pd, follows a small peak of pressure during ventricular diastole coincident with auricular 
systole. In most instances, therefore, Pd, is identical with the pressure in the auricle at this moment 
(Fig. 4). It is a better measure of diastolic filling pressure of the ventricle than mean auricular 














FIG 





—_— —_ 


-~_ Swe ew OE lClUh!—SeOOe 


— — — Ow CT =~ 


ae ee 


=< 0 


ir 
nt 
ar 











EFFECT OF DIGOXIN ON THE RIGHT VENTRICULAR PRESSURE 319 


pressure. In most cases changes in Pd, will be paralleled by changes in mean auricular pressure; 
exceptions arise in such conditions as tricuspid valve disease. 

Mean intraventricular pressures were recorded by the usual water manometer. Changes in the 
mean pressure followed closely those in the mean pressure calculated by planimetric integration of 
the optical records. Since the shape of the ventricular pressure curves may not be strictly accurate, 


< 





Fic. 1.—Response of strain-gauge (0-4 Ib./sq. in.) to a square pressure. (A) Showing overswing. 
(B) Satisfactory damping by introducing a 22-gauge needle between the catheter and strain- 
gauge. 


planimetric means may be liable to slight errors. Great care is necessary in order to observe the 
mean intraventricular pressure with a water manometer. Obstruction of the catheter tip by contact 
with the moving ventricular wall at any phase of the cardiac cycle can interfere with the proper 
recording of the mean pressure. Special attention was given to the character of the pulsations in 











Fic. 2.—Comparison of arteriai pressure recordings with and without a cardiac catheter between the indwelling needle 
and the strain gauge (0-15 Ib./sq. in.). Records taken (A) with the gauge attached directly to the arterial needle, 
and (B) one minute later with a catheter between the needle and gauge. Note that the pulse wave contours, and 

the systolic and diastolic pressures are not significantly different. (The oscillating line is an artefact from a second 

galvanometer.) 
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the water manometer, and if the fluid failed to rise and fall freely or if there was any suggestion of 
a sudden jerky arrest of movement, the position of the catheter was adjusted to ensure “ free ” 
movements. 

Digoxin was given in doses of 1-0-1-5 mg. depending on the size of the patient. After the drug 
was given observations were continued for about one hour. Significant reactions were nearly 
always obtained within that time, but it is not claimed that these represent the full and ultimate 
response to maintained digitalis therapy. 


















A 
Fic. 3.—Record from (A) pulmonary artery, and (B) right ventricle. From above downwards—respirations (upward 
deflection on inspiration), pressure in mm. Hg, and electrocardiogram. Note that the systolic pressures in the 
pulmonary artery and right ventricle are the same. 








Fic. 4.—Record from (A) right atrium, and (B) right ventricle in a case of constrictive pericarditis. From above dowr- 
wards—respirations and pressure tracing in mm. Hg. Note that the peak of pressure in ventricular diastole and 
the pressure of the a wave in the right atrium are identical (22 mm. Hg) as there are different calibrations in 
the two records. 





RESULTS 
Significance of intracardiac pressures. The normal systolic pressure in the right ventricle ranges 
from 18-30 mm. Hg. while the end diastolic pressure fluctuates around a level opposite the centre |} 
of the heart (in a plane 5 cm. behind the sternal angle), the level that we have adopted as our refer- 
ence point for all pressure measurements. A diastolic pressure greater than 4 mm. Hg. is probably 
abnormal. Our experience confirms that of Bloomfield er a/. (1946) that very great rises in right 
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heart pressure may occur in various forms of left heart failure. We have encountered pressures as 
high as 90 mm. Hg systolic in failing mitral stenosis and also in hypertensive left ventricular failure. 
These high pulmonary artery pressures accompany left heart failure and to some extent parallel 
its severity at the time of observation. With clinical improvement, the systolic pressure in the 
pulmonary artery (and therefore in the right ventricle) falls dramatically. The high pressures are 
probably initiated by an increase in the pulmonary venous pressure determining an increased 
vascular pressure throughout the lungs. 

Changes in these patients with digoxin. Two patients (Nos. 1 and 2) showed a significant 
increase in cardiac output without any significant alteration in the right ventricular pressures. 

Ten patients showed a fall in right ventricular systolic and end diastolic pressures (Nos. 3-12). 
In four of these (Nos. 3, 4, 7, 12) there was an associated rise in cardiac output, a type of response 
well-illustrated in Fig. 5 (Case No. 3), where the cardiac output rose from 2-9 to 3-8 litres a minute, 
while the right ventricular systolic and diastolic pressures fell. In the other six (Nos. 5, 6, 8-11) 
the cardiac output did not change significantly despite the fall in right ventricular pressures: the 
response in Case No. 11 is included in this group despite a rise of 8 mm. Hg in systolic pressure 
because there was a fall in end diastolic pressure of 5 mm. Hg and the planimetric mean pressure 
fell from 35 to 27 mm. Hg. 








A B 
Fic. 5.—Case No. 3. (A) Before digoxin. Right ventricular pressures in mm. Hg: Ps, 40; Pd2, 1. Cardiac output 
2:91./min. (B) 18 minutes after 1-5 mg. digoxin. Ps, 21; Pd2,—5. Cardiac output 3-81./min. Note auricular 
premature beats in tracing (B), and marked respiratory fluctuations. 


Perhaps the closest approximation to the grossly enfeebled heart of the pharmacological labora- 
tory is Case No. 9 (Fig. 6), a known hypertensive whose condition was deteriorating and whose 
arterial blood pressure had fallen from a previous figure of 180/100 to 85/53 when the observations 
were made. The circulatory responses to 1-0 mg. digoxin were dramatic. The low arterial pressure 
rose, while the high systolic and diastolic pressures in the right ventricle fell to low normal levels. 
The reduction in end diastolic pressure in the ventricle signifies a fall in atrial pressure and relief of 
venous congestion; the reduction of right ventricle systolic pressure, and therefore of systolic pul- 
monary artery pressure, probably indicates a fall in the vascular pressures throughout the lungs. The 
cardiac output remained unchanged at 4 litres a minute, but with the raised arterial pressure the 
work of the left ventricle was clearly increased. Fig. 7 (Case No. 6) shows a similar response in a 
patient with hypertensive heart disease. 

A rise in arterial pressure of more than 10 mm. Hg, systolic or diastolic, is a common 
accompaniment of full intravenous digoxin dosage, and occurred in eight (Nos. 1, 7, 9, 10, 11, 
13-15) out of 15 patients. It is a rapid reaction, which comes on soon after digitalization and 
usually passes off within half an hour. In three patients (Nos. 13-15, Table II) the rise in blood 
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Fic. 6.—Case No. 9. Brachial artery and right ventricular pressures. From above downwards—respirations, 
arterial record, right ventricular record, electrocardiogram. (A) Before digoxin. Arterial pressure 85/53. 
Right ventricular pressure: Ps, 55; Pd2, 13. Cardiac output 4 1./min. (B) 12 minutes after 1-0 mg. digoxin. 
Arterial pressure 139/100. Ps, 31; Pd2, 9. Cardiac output 4 1./min. (C) 28 minutes after digoxin. Arterial 
pressure 146/87. Ps, 17; Pd2, 1. Cardiac output 4 1./min. (D) 39 minutes after digoxin. Arterial pressure 
128/78. Ps, 9; Pd2,-1. Cardiac output 4 1./min. 


pressure was particularly marked; it persisted throughout the period of observation and was 
associated with a rise in the right ventricular pressures. In two of these three the cardiac output 
fell and in the third it remained unchanged. All became increasingly dyspneic and orthopneeic, 
and one (No. 13) developed frank pulmonary edema. During the control period her diastolic 
pressure in the right ventricle was normal, but her systolic pressure was 31 mm. Hg (Fig. 8). The 
cardiac output was 3-2 litres a minute, and the arterial pressure 154/108. After intravenous digoxin 
the arterial pressure rose to 190/?, the pressure in the right ventricle climbed steadily to 65/7, and 
the cardiac output fell to 2-1 litres a minute. This exemplifies the induction of left ventricular failure 
by full intravenous digoxin dosage. 
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FiG. 7.—Case No. 6. (A) Before digoxin. Right ventricular pressures in mm. Hg. Ps, 43; Pd2,1. Cardiac 
output 41./min. (B) 29 minutes after digoxin. Ps, 26; Pd2,-2. Cardiac output 3-8 I./min. 








A B 
Fic. 8.—Case No. 13. Development of left ventricular failure following digoxin. (A) Before digoxin. Right 
ventricular pressures: Ps, 31; Pd2,—I. Arterial pressure 154/108. Cardiac output 3-2 1./min. (B) 27 minutes 
after 1:0 mg. digoxin. Ps, 65; Pd2, 7. Arterial pressure 190/?. Cardiac output 2:1 |./min. 


DISCUSSION 

In ten of the fifteen patients the major measurable action of digoxin was to reduce an elevated 
pulmonary systolic pressure towards normal. We agree with Bloomfield e¢ al. (1946), Hickam 
and Cargill (1948), and Lagerlof and Werko (1949) that the raised pulmonary arterial pressure is 
largely the result of a high pulmonary venous pressure behind the failing left heart. When the left 
ventricle fails, its systolic ejection is reduced, and to its residual blood is added the continuing 
inflow from the normally functioning right ventricle. After a few beats equality of output is 
restored at the expense of a higher diastolic filling pressure on the left side. The fall in pulmonary 
vascular pressures produced by digoxin represents a restoration towards normal working conditions 
of the left ventricle. The simplest explanation of the fall in pressure is that digoxin improves the 
emptying of the left ventricle, diminishes the volume of residual blood and so lowers the diastolic 
filling pressure. A temporary inequality of output in favour of the left ventricle, lasting a few 
beats, is undetectable by our methods. 
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The right ventricle under these circumstances may behave physiologically. When pulmonary 
vascular pressure falls, the right heart has less work to do, and the diastolic intraventricular pressure 
would be expected to fall with a parallel reduction in systemic venous pressure. Like a normally 
functioning heart, output frequently remains unchanged, or even falls slightly after digitalis. 

Such an explanation is in accordance with standard pharmacological interpretation, and accounts 
more satisfactorily for the fall in venous pressure in the absence of cardiac output change, which 
previously seemed to demand the postulation of a primary action of digitalis on venomotor tone. 
The “ stimulating ” action of cardiac glycosides may thus occur without a manifest increase in 
cardiac output during the period of observation. In some cases the stimulating action is shown by 
an early increase in output which may of course be accompanied by the same reduction in pulmonary 
vascular pressures that have been described above and by Harvey ef al. (1949). 

Digitalis, however, has a complex set of circulatory actions, and we have to take into account 
a pressor effect on the systemic arterioles, and the altered functional state of the myocardium which 
determines the type and degree of digitalis response. In two instances the pressor response seemed 
to determine the development of left ventricular failure with a fall in cardiac output, raised pul- 
monary vascular pressures and pulmonary congestion. Our previous experience has included 
similar instances and such attacks do not seem to be mere coincidence following full intravenous 
doses of digoxin. It is possible that digoxin may have a pressor action on the pulmonary vascular 
bed in some instances; further studies which are in progress in pulmonary heart failure and valvular 
disease may throw further light on this and other outstanding problems. 


SUMMARY 


Fifteen cases of left ventricular failure due to hypertensive or ischemic heart disease have been 
studied. Ten cases showed a reduction in right ventricular pressures after digoxin, which was not 
always accompanied by a measurable increase in cardiac output during the period of observation. 
These changes are attributed to differential ‘‘ stimulation” of the failing left ventricle, a fall in 
pulmonary vascular pressure, and consequent unloading of the right ventricle with resulting fall in 
venous filling pressure. 

Digoxin produced a hypertensive response in 8 cases, 3 of which developed a rise in right ven- 
tricular pressure and other signs of acute left ventricular failure. Two patients had an intermediate 
type of response with a rise in cardiac output without a fall in right ventricular pressure dur- 
ing the period of observation. 
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W. P. Small, Miss Margot McAdam, Mr. A. H. Latham and Mr. E. E. Barrett. Professor R. H. Goetz suggested 
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COR TRIATRIATUM 


CONCERNING THE NATURE OF AN ANOMALOUS SEPTUM IN 
THE LEFT AURICLE 
BY 


CLIFFORD G. PARSONS 


Received October 10, 1949 


The term cor triatriatum is open to criticism but has been used by previous writers and has the 
merit of being superficially descriptive of a heart in which a transverse septum divides the left 
auricle into an upper and lower chamber. In 1829, Andral stated that he had seen a heart with three 
auricles, but he did not describe it. The abnormality is clearly uncommon for, since 1868, when 
Church demonstrated a heart of this kind before the Pathological Society of London, only 17 
other cases have been reported. These are summarized in the Table (p. 338). The anomalous 
septum may be fibrous or fibro-muscular; it may be complete or may have a single or many openings 
or may be represented merely by a thin cord passing across the auricle. The nature of the membrane 
determines the effect upon the circulation; it may be compatible with a long life or may lead to 
early death. There have been several attempts to explain the nature of the pathological septum 
but, as none of the suggestions has been universally accepted, it is proposed to examine the various 
theories in the light of another example of the condition. 


CASE REPORT 


A male infant was admitted to hospital on May 6, 1949, under the care of Dr. J. H. Moseley, 
to whom I am indebted for the following particulars. Pregnancy had been normal and the mother 
was delivered one month prematurely, on March 28, of her first baby, an apparently healthy 
child weighing 5 lb. 6 oz. Breast feeding was initiated satisfactorily and mother and infant were 
discharged from the maternity unit on the tenth day. At about this time the baby developed 
a cold and cough and then diarrhoea. Frequent green watery stools were passed during the next 
three weeks, with consequent mild dehydration and oliguria. During this period there were attacks 
of dyspnoea in which respiration was grunting; the cry was always feeble. Towards the end of 
the fifth week the baby began to have choking fits with increasing frequency. In these he gasped 
for breath, his face became congested, he vomited, and then went pale. He also had occasional 
cyanotic attacks, perhaps associated with unconsciousness as his mother remarked that his eyes 
rolled upwards on these occasions. He was referred to hospital because of the progressive severity 
of the vomiting. 

At this time his weight was 7 Ib. 1 oz., he looked toxic and grey, and his temperature was 99-4” F. 
Respiration was rapid (50-120 a minute) and irregular, periods of rapid shallow breathing 
alternating with deeper grunting respiratory movements. The lips were cyanosed; there was no 
finger clubbing. The pulse was regular, the rate 150, and paradoxical waxing and waning of the 
pulse volume was observed. There was slight bulging of the precordium to the left of the sternum. 
The apex beat could not be felt but there was an increased area of cardiac dullness extending to 
the right of the sternum, to the left as far as the anterior axillary line, and upwards to the second 
left intercostal space. The heart sounds were muffled but no murmurs could be heard. Breath 
sounds were vesicular and rather harsh in all areas, including the dull area at the left apex, and 
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rales were audible at both lung bases, especially the left. It was thought that there must be a 
pericardial effusion and this conjecture apparently received confirmation from X-ray examination 
(Fig. 1) which showed generalized enlargement of the heart shadow and an area of consolidation 
at the right lung root. Little help was obtained from other investigations; the urine and the white 
blood count were both normal, but there was mild anemia (hemoglobin 75%). The child was 
treated with penicillin and sulphonamides but his condition rapidly degenerated. He developed 
signs of congestive heart failure with venous engorgement, increasing hepatic enlargement, systemic 
and pulmonary cedema, and eventually died on May 13, 1949. 





Fic. 1.—X-ray showing enlargement of heart and fullness of left upper border. 


POST-MORTEM REPORT 


The post-mortem examination was made by Dr. H. S. Baar who has kindly allowed me to use 
his notes. Apart from the congenital heart lesion the only pathological changes were broncho- 
pneumonia and congestive changes in the lungs, liver, spleen, and kidneys. The heart weighed 
48 g. (normal 21 g.). When the pericardium was opened the anterior surface of the heart was 
found to consist of a greatly enlarged right ventricle and a left auricle that bulged to the left 
of the great vessels and the conus of the pulmonary artery. The wall of the right ventricle was 
thickened and the cavity was dilated. The left ventricle by contrast was so small that it seemed 
to be merely an appendage of the right ventricle and contributed hardly at all to the left border 
of the heart. The inter-ventricular septum was intact and the great vessels were in their usual 
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position; the ductus arteriosus was closed. Tricuspid, pulmonary, and aortic valves were normal 
in structure but the mitral valve was hypoplastic and the chorde tendinee were short. The 
superior and inferior vene cave and the coronary sinus opened into an apparently normal right 
auricle. The crista terminalis and the valves of the inferior vena cava and coronary sinus were all 
properly formed and the fossa ovalis was well defined with a prominent limbus marking its upper 
margin. The foramen ovale had not sealed and from its upper anterior margin a probe could be 
passed into the left auricle. 

The left auricle was considerably enlarged, and was divided into a larger upper and a smaller 
lower chamber by a thin greyish-white septum which passed almost horizontally from the upper 
margin of the fossa ovalis to the lateral wall of the auricle just below the opening of the left inferior 
pulmonary vein. The septum was roughly triangular in shape and appeared at first sight to be 
an extension of the valve of the foramen ovale (Fig. 2). Its medial border was inserted into the 





FiG. 2.—Dissection of left side of heart. Left auricle divided into two 
chambers by an anomalous septum; hypoplastic mitral valve, and 
small left ventricle. 


inter-auricular septum along a line which was a little higher at the anterior than at the posterior 
end. The antero-lateral border, continuous with the wall of the auricle, passed outwards and 
slightly upwards above the opening into the left auricular appendix; and the postero-lateral border 
ran downwards and medially to meet the inter-auricular septum. The lower surface of this 
anomalous septum was slightly convex, and just lateral to its centre was a foramen of a width 
sufficient to admit the shaft but not the head of an ordinary pin. This foramen provided the only 
communication between the two chambers. The wall of the upper chamber was very faintly 
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trabeculated; four pulmonary veins opened through it. There was no communication with the 
right auricle. 

The lower chamber opened into the left auricular appendix, into the left ventricle through 
the small mitral valve, and into the right auricle through the patent foramen ovale. This last 
orifice was little, if any, wider than the foramen in the anomalous septum; it lay immediately 
below the septum and was guarded by a minute crescentic fold of endocardium which probably 
represented the true margin of the valve of the foramen ovale (Fig. 3). 
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Fic. 3.—Semi-schematic drawing of interior of lower chamber of left auricle. 


Microscopic examination showed that the anomalous septum consisted of elastic and col- 
lagenous tissue interspersed with scattered plain muscle fibres. In the centre of the septum, in its 
outer half only, was a single layer of cardiac muscle which was completely separated from the 
muscle in the auricular wall (Fig. 4). The appearance of the interauricular septum in its upper 
part, where it divided the right auricle from the upper chamber of the left auricle, is shown in 
Fig. 5. It consisted of a double layer of muscle separated by some strands of fibrous tissue. 


CLINICAL FEATURES 


It is remarkable that this child should have survived for so long after birth and with so few 
symptoms, for the left ventricle can have received only a very small volume of blood, and less than 
half of this can have been oxygenated. Yet cyanosis was not observed until the age of five weeks 
and even then was only intermittent. 

The most prominent feature of all cases with symptoms has been respiratory embarrassment 
secondary to pulmonary congestion, but hemoptysis has been recorded only once. When the 
heart fails venous distension, enlargement of the liver, and oedema develop with great rapidity: 
pulmonary congestion is always severe and death soon follows. Tachycardia, sometimes with 
cardiac irregularity, is usual; the heart is enlarged and dullness in the second left interspace has 
often been observed. X-ray examination confirms the clinical picture. Enlargement of the heart 
is due chiefly to the right ventricle and the left auricle, and the latter may be visible on the left side 
of the heart in the position usually occupied by the pulmonary conus. Congestive changes in the 
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Fic. 4.—Section of anomalous septum (left) at junction with auricular wall (right) showing central layer of 
cardiac muscle. Magnification, x72. 





Fic. 5.—Interauricular septum above the insertion of the anomalous septum 
showing double layer of muscle. Magnification, x11. 
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lungs may be accompanied by areas of atelectasis or bronchopneumonia. There have been no 
reports of fluoroscopic examination or of electrocardiographic studies or of the more recently 
developed diagnostic procedures. Cardiograms would doubtless give confirmatory evidence of 
right ventricular hypertrophy and the P waves might perhaps be enlarged. It is doubtful if 
catheterization or angiocardiography would give any positive help in diagnosis. 

If the condition could be recognized with certainty it would be justifiable to attempt to divide 
the septum. The easiest approach would be through the auricular appendix of the left auricle, 
as the septum lies immediately above its internal orifice. Attack by direct vision, such as that 
used by Brock (1948, 1949) in pulmonary stenosis, would be ideal as this would allow the septum 
to be identified before division. 

The accompanying table, in which the main features of all recorded cases are summarized, 
indicates that the condition may be a little commoner in males. The anomalous septum usually 
divides the auricle into an upper or medial chamber which receives the pulmonary veins and a lower 
or lateral chamber which opens into the auricular appendix and left ventricle. 

Only two hearts (Rolleston, 1896, and McNamara et al. 1947) fail to conform to the pattern. 
In these a fibrous cord stretched across the mitral ring; it lay below the opening into the auricular 
appendix, considerably lower in the auricle than the septum of the other cases. These two will not 
be considered further. Amongst the remainder, however, similarity of anatomical features is 
sufficient to suggest a common developmental error and, if this be so, an attempt to explain the 
malformation can be satisfactory only if it is founded on established facts of embryology and can 
account for all the features of each of the recorded cases. 


THE NATURE OF THE SEPTUM 


Various theories have been advanced to account for the abnormal septum. Andral (1829) 
suggested that the anomaly was an example of incomplete twinning and Fowler (1882) that there 
was an overgrowth of the valve of the foramen ovale which was displaced laterally until it became 
adherent to the outer wall of the left auricle, thereby dividing it into two chambers. Neither 
explanation accords with modern ideas of cardiac development but, in 1896, Griffith anticipated 
a later view when he pointed out that *“* There had been a failure in the complete amalgamation of 
that part of the auricle which is said to be derived from the confluent portions of the pulmonary 
veins and that derived from the left-hand division of the common auricle of the embryonic heart.” 
The suggestions advanced by Borst (1905) and Hagenauer (1931) require detailed consideration. 

Borst’s theory. Borst’s explanation depends on Born’s (1889) concept of an interauricular 
septum that is formed by the downgrowth of a septum primum in which, when the ostium primum 
closes, a secondary ostium develops. This foramen in turn is closed by the growing septum 
secundum. Borst suggests that the pulmonary venous trunk is displaced to the right and opens 
between the two septa. The pressure of blood then gradually forces the septum primum to the 
left, so that it becomes the accessory septum in the left auricle. He considers that the foramen 
between the upper and lower chamber of the auricle represents a persistent ostium primum and 
that the intact interauricular septum is derived wholly from the septum secundum (Fig. 6). 

This theory has the merit of simplicity and, with minor modifications, has been accepted by 
all subsequent writers except Hagenauer (1931) and Bredt (1936). Yet there are reasons for doubt- 
ing its validity. His basic assumption, that the mouth of the pulmonary vein is displaced to the 
right, is supported by many reports of pulmonary veins draining into the right auricle or superior 
vena cava, and a few examples of these veins opening astride an interauricular septal defect (Wag- 
staffe, 1868; Hepburn, 1887; Ingalls, 1907). There is also apparently some evidence that the 
anomalous septum is the septum primum, for the valve of the foramen ovale is certainly derived 
from the septum primum, and the anomalous septum has often been described as an extension of 
this structure. Patten and Taggart (1929), for example, reported a case in which the accessory 
septum, after forming the valve of the foramen ovale, could be seen to fuse with the septum secundum 
and could then be traced downwards until it joined the endocardial cushions of the atrio-ventricular 
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canal. While they accepted Borst’s explanation of the anomaly, they drew attention to one of its 
weaknesses. The fully developed septum secundum is a crescentic structure and the centre of its 
free margin normally makes little or no contribution to the lower part of the interauricular septum. 
If the growth of the septum primum should be arrested, so that it fails to reach the atrio-ventricular 
canal, a defect occurs in the interauricular septum (persistent ostium primum). It seems that, 
without the help of the septum primum, the septum secundum cannot complete the division of 
the auricle. 

If this be so, then it follows either that the anomalous septum cannot be the septum primum 
or that its foramen cannot be the ostium primum. Sometimes the foramen may lie at the centre 
or in the lateral part of the abnormal septum, well away from the atrio-ventricular canal, and it is 
therefore difficult to believe that it can be the ostium primum. Hosch (1907) suggested that it 
might represent the ostium secundum, or perhaps a defect quite unrelated to the natural ostia, 
but clearly the former alternative has to be rejected when there is a fossa ovalis in the interauricular 
septum. 

Perhaps the strongest objection to Borst’s theory is that advanced by Hagenauer (1931), who 
pointed out that the fossa ovalis can be perfectly formed only when the septum primum and septum 
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Fic. 6.—Borst’s theory. (1) Sinus venosus. (2) Septum secundum. (3) Septum primum. (4) Right auricle. 
(5) Pulmonary vein. (6) Left auricle. 











secundum are contiguous. If the anomalous septum were the septum primum and the two septa 
joined at the lower rim of the ostium secundum, or at its centre, the fossa ovalis could not be 
properly formed. Yet in practically every case, when viewed from the right auricle, the fossa 
ovalis has been normal in structure and a well-defined limbus has been present. The histological 
findings in my case support Hagenauer’s views, for the septum dividing the right auricle from the 
upper chamber of the left auricle consists of a double layer of tissue. Presumably these layers 
represent the primary and secondary septa which are here in contact above the fossa ovalis and above 
the point at which the anomalous septum is inserted. 

These are reasonable criticisms and, if they are accepted, the view that the foramen in the 
anomalous septum is the ostium primum must be rejected. Further, the theory cannot explain any 
case in which the abnormal septum joins the interauricular septum below the upper rim of the fossa 
ovalis and at least five cases fall into this category. Nor is it possible, if Borst’s views are correct, 
to interpret Tannenberg’s (1930) case as a developmental anomaly. In this heart the accessory 
chamber opened into the coronary sinus and so drained into the right auricle, but at no time in 
the growth of the foetal heart does the coronary sinus open both to the right and to the left of 
the septum secundum. 

Hagenauer’s theory. Hagenauer (1931) bases his explanation of the malformation on the 
results of Spitzer’s (1923) researches into the embryological development of the heart. He believes 
Z 
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that the anomaly is a consequence of an abnormal junction between the pulmonary vein stem and 
the primitive heart. He assumes that this junction, instead of being at a right angle, takes place 
at an acute angle so that, when the sinus venosus dilates, it compresses the pulmonary vein, the 
mouth of which is eventually obliterated by adhesions. Torsion of the heart is normal, and the 
sinus venosus migrates to the right and the pulmonary vein to the left. But as the mouth of the 
pulmonary vein is closed it cannot be properly absorbed into the wall of the left auricle. Instead, 
it becomes slowly distended by the pressure of blood until it forms the accessory chamber. In 
Hagenauer’s view, therefore, the anomalous septum is derived from the wall of the pulmonary 
vein (Fig. 7). 

This theory has been less widely accepted, although it satisfactorily explains the normal appear- 
ance of the fossa ovalis even when the anomalous septum is inserted into its lower rim. If, as 
Bredt (1936) suggests, the growing septum primum carries with it, for a varying distance into the 
interior of the heart, the obliterated mouth of the pulmonary vein, it is clear that the pathological 
septum might join the interauricular septum below, above, or across the centre of the fossa ovalis. 
Absence of this fossa, such as Faber (1934) describes, undoubtedly indicates defective develop- 
ment of the interauricular septum but it does not necessarily follow that the anomalous septum 
must be the septum primum. Hagenauer’s theory will also explain how the accessory chamber 


FIG. Hagenauer’s theory. (1) Sinus venosus. (2) Septum primum. (3) Primitive auricle. (4) Pulmonary 
vein closed by expanding sinus venosus. (5) Septum secundum. 





could communicate with the coronary sinus, for the pulmonary veins sometimes drain into this 
channel (Sanes, 1939). Indeed, the conception that the septum is a relic of the pulmonary vein 
wall will account for the findings in all but two of the reported cases; these will be considered later. 

Further support for Hagenauer’s opinion is given by the lack of trabeculation in walls of the 
upper chamber; this is the normal condition in the portion of the left auricle that is derived 
from the pulmonary vein. The anomalous septum in his case contained a double layer of muscle, 
the upper layer being continuous with the muscular wall of the upper chamber and the lower layer 
with muscle fibres in the wall of the lower chamber. In several other cases muscle fibres have been 
observed to pass from the accessory septum into the walls of the auricle. Only a single layer of 
cardiac muscle could be demonstrated in my case and this was confined to the outer half of the 
septum. It was not continuous with the muscle in the auricular wall and may have developed 
independently, though if sections had been taken from other areas continuity might have been 
demonstrated. However, this would have led to undesirable mutilation of the specimen. The 
finding of plain muscle fibres beneath the endocardium cannot be advanced as evidence that the 
septum is derived from the pulmonary vein because, although muscle of this kind is always present 
in the pulmonary vein, it may also be found in the wall of the normal auricle. 

Faber (1934) maintains that Hagenauer fails to prove his basic contention that the pulmonary 
vein enters the primitive heart at an acute angle. He is also unwilling to believe that compression 
by the sinus venosus could obliterate the mouth of the pulmonary vein whilst blood is flowing 
through it; and considers that, if the pressure in the vessel were sufficient to distend the pulmonary 
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vein stem, the smaller radicles would also be dilated. It is perhaps worth observing that neither 
the increasing size of the foetal auricles nor the incorporation into their walls of the sinus venosus 
and pulmonary veins is supposed normally to depend on intracardiac pressure. There is an inherent 
tendency for the heart to grow and the presence of an additional septum is unlikely to inhibit this 
characteristic. But Faber’s criticisms certainly throw doubt on Hagenauer’s interpretation of 
the developmental defect that leads to the formation of the accessory septum. Additional weight 
is lent to these criticisms by some observations reported by Preisz (1890). The two cases which 
he described had defects in addition to the anomalous septum and are important because all the 
malformations are likely to have originated at the same stage of fcetal life. In both there was a 
high interventricular septal defect with an over-riding aorta and stenosis of the pulmonary conus, 
lesions which are due to an arrest of growth towards the end of the second month of pregnancy 
(Keith, 1909; Spitzer, 1923). This implies that the factors concerned with the formation of the 
anomalous septum are operative considerably later than Hagenauer suggested. 


DISCUSSION 


Borst’s explanation is unsatisfactory because it conforms only doubtfully to known facts about 
the development of the foetal heart and because it cannot be reconciled with other anatomical features 
in many of the hearts with an accessory septum in the left auricle. Hagenauer’s views of the under- 
lying embryological disturbance cannot be readily accepted, but his belief that the septum is derived 
from the pulmonary vein explains the anatomical features of all but two cases. In the example of 
cor triatriatum described by Stéber (1908) the upper chamber in the left auricle consisted of a blind 
sac in which terminated the veins from the lower lobes of both lungs. The superior pulmonary 
veins from both sides emptied into the right auricle and from here mixed venous and oxygenated 
blood passed partly to the right ventricle and partly, through a patent foramen ovale, into the lower 
chamber of the left auricle. Without considerable modification, Hagenauer’s theory will not explain 
why some pulmonary veins have been obliterated while others have remained patent. 

In the heart described by Patten and Taggart (1929) the upper chamber communicated only 
with the right auricle and Hagenauer’s theory cannot account for such an opening through the 
interauricular septum. Further, the lower chamber received blood partly from the right auricle 
through a patent foramen ovale and partly from the right superior pulmonary vein direct. As 
this vein opened astride the septum in the left auricle it is clear that the septum could not have 
been derived from the wall of the vein. 

It has already been suggested that the developmental arrest that is responsible for the anomalous 
septum occurs towards the end of the second month of pregnancy, rather later than Hagenauer 
believed. At this period various parts of the primitive heart are being absorbed and it is well 
recognized that interference with this process may result in the persistence of membranous struc- 
tures. These are always found at a point of junction between parts of the heart which are of 
different embryological origin. Examples are the membranous diaphragm found in some cases of 
pulmonary infundibular stenosis (Brock, 1949), and in some cases of subaortic stenosis (Brown, 
1939). Rarely an accessory septum may subdivide the right auricle; it is supposed to be due to a 
defect at the junction between the inferior vena cava and the right auricle, the septum perhaps 
representing a persistent right valve of the sinus venosus (Sternberg, 1913; Gombert, 1933; Dubin 
and Hollinshead, 1944). An anomalous septum in the left auricle is comparable with these mal- 
formations and may well be of similar origin. 

Our knowledge of the changes affecting the structure of the left auricle towards the end of the 
second month has advanced but little since 1903 when Griffith, describing a case of cor triatriatum, 
wrote ** Perhaps when the development of the pulmonary veins and their manner of junction with 
the left auricle is more fully understood, the explanation may become less uncertain.” The single 
pulmonary vein bifurcates into right and left pulmonary veins which in turn divide into superior 
ind inferior branches. These veins are absorbed into the walls of the auricle until all four open 
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directly into the cavity of the left auricle. Arrested development during the stage of absorption 
might be expected to result in the formation of a diaphragm that would be, in effect, a remnant 
of the pulmonary vein wall. 

All kinds of anomalies of the pulmonary veins have been described and, although many 
attempts have been made to explain them, their origin is still uncertain (Duff, 1938; Sanes, 1939; 
McManus, 1941; Brody, 1942). The pulmonary veins may open into the right auricle, the superior 
vena cava, the inferior vena cava, the portal vein, or the coronary sinus. Sometimes some of the 
veins open into the right and others into the left auricle, and then the veins from each lung tend 
to empty into the auricle of their own side and it is unusual for both superior pulmonary veins 
to open into the right auricle and both inferior veins into the left auricle as happened in the heart 
described by Stéber (1908). 

It is possible to bring Patten and Taggart’s (1929) case into line with the others if it is assumed 
that the malformation is an example of an anomalous septum occurring in a heart with all the 
pulmonary veins opening into the right auricle. The right-hand septum would then represent 
the vestigial remnant of the pulmonary vein wall and its foramen would naturally communicate 
with the right instead of with the left ventricle. The left-hand septum, which was regarded by 
the authors as the anomalous septum, would then be the true interauricular septum. The right 
superior pulmonary vein opens astride this septum, and this would be similar to examples of over- 
riding pulmonary veins described by Wagstaffe (1868), Hepburn (1887) and Ingalls (1907). As 
the right and left auricles communicate through the foramen ovale, the circulation is precisely the 
same as in Stéber’s case. Indeed, if, in St6ber’s case, the superior pulmonary veins, instead of 
opening directly into the right auricle had opened into the accessory auricle and thence secondarily 
into the right side of the heart, the malformation would have been identical with that described by 
Patten and Taggart. 


SUMMARY 


A heart is described in which an anomalous septum subdivided the left auricle into two chambers. 
Other reported cases are summarized in the table (see p. 338). 

The theories advanced in the past to explain the nature of this septum are critically examined. 
From an analysis of the previously recorded cases it is concluded that the septum is due to a defect 
at the junction between the pulmonary veins and the right auricle and is the result of developmental 
arrest late in the second month of feetal life. 
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The electric action of the heart can be represented by a vector (heart-vector), varying during 
the heart beat in magnitude and direction. If this vector is drawn from a fixed zero point, the 
end point describes a three-dimensional curve—the vector cardiogram. Several investigators have 
constructed a vector cardiograph, i.e. an instrument designed to visualize or photograph one or 
more projections of this curve (Cantonnet and Milovanovitch, 1947; Duchosal and Sulzer, 1949; 
Hollmann and Hollmann, 1938; Schellong, 1939; Vastesaeger and Rochet, 1944; Wilson and 
Johnston, 1938). As these must be derived from electrocardiographic leads, the method depends 
on the relation between heart-vector and leads. Some investigators have used the well-known 
triangle rule of Einthoven; others have not used extremity leads according to Einthoven, but 
have placed the electrodes in such a way, that the lines connecting them are mutually perpendicular. 
All these methods are founded on arbitrary suppositions. It is, however, possible to generalize 
these methods and to use a linear relation between heart-vector and leads (Burger and van Milaan, 
1946, 1947, 1948). Using three leads, this gives three linear equations for the components 
X, Y, Z of the heart-vector, from which the latter can be solved: 


X=«,(lead), +2(lead),+«3(lead); 
Y=f,(lead),+f,(lead),+f,(lead);. . . . . .... ( 
Z=y; (lead); +y2(lead),+y3(lead), 


We shall not consider here how it is possible to obtain information about the nine coefficients 
a, ... 3. We shall consider them as numerically known constants in this paper. 

Principle of the instrument. It is possible to obtain tensions, proportional to the components 
X, Y, Z of the heart-vector, as given by equations (1). Indeed, in these equations two mathematical 
operations are indicated, namely, a multiplication of the three leads by the coefficients «;, .. . 3, 
and an addition of the products. Now multiplication of a lead (potential difference) by a factor 
is easily performed by amplification with a radio-valve if the factor is greater than one and by 
a resistance (a so-called potentiometer) if it is smaller than one. There remains the additions of 
the three terms in each of the equations (1). 

Addition of three potential differences can be obtained by the arrangement, represented in 
Fig. 1. Let A, B, C be the three points, the potential differences of which with an arbitrary point 
are to be added. Then A, B, C are connected to a common point P by three equal resistances R. 
If these resistances are large enough with respect to the internal resistances in the system ABC, 
the potential difference of P with the arbitrary point is the average of the three potential differences 
of A, B, C, with this point. This can easily be proved with the laws of Ohm and Kirchhoff.* 
Then the average can be transformed into the required sum by multiplication by three. The 
sensitivity is therefore reduced to one-third of the original value or the amplification has to be 
trebled. 


* Compare the well-known Wilson central terminal. 
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This method allows only the addition of potential differences of the same sign. As in general 
the signs are different, the method has to be extended. To this end a so-called push-pull amplifier 
is used, that is a combination of two radio-valves and two resistances arranged in parallel as a 
Wheatstone bridge. A voltage on the grids of each of these valves gives deflections of an opposite 
sign. Now the sum of the positive voltages is applied to one grid, the sum of the negative ones 
to the other. In Fig. 1, P is the grid, and the points A, B, C are to be connected to the positive 
voltages or to zero potential. 


Fic. 2.—OX and OY are deflections of 
the light spot on the screen of a 
cathode-ray tube, proportional to 
horizontal and vertical component 

Fic. 1.—If the three resistances R are equal, the potential of P is the of the heart-vector. The spot is 

average of the potentials of A, B, and C. deflected to f. 





Design of the instrument. The instrument consists of two separate parts, a pre-amplifier and 
the instrument proper with the cathode-ray tubes. The first part contains four two-stage, resistance- 
capacity counled amplifiers. The input resistance is 1M, high compared with the outer resistance, 
even with small electrodes. Behind the first valve of each amplifier the voltage can be reduced in 
five steps to 2 per cent of the original one. Behind the second valve a cathode follower reduces 
the output resistance, in order to make it small compared with the input resistance of the following 
stage. This part of the instrument is fed by accumulators and anode batteries, although the 
latter ones could easily be replaced by mains units. 

On the front plate of the second part of the instrument, sixteen knobs serve to adjust the values 
of the coefficients. Under each knob is a small one by which to choose the sign of the coefficient. 
In this way it is possible to obtain four voltages, each being a linear function of the four entrance 
voltages, combined with the required coefficients. As a rule only three entrance voltages are used. 

The frontal projection of the vector cardiogram is obtained in the following manner. A 
voltage proportional to the horizontal component X (Fig. 2) of the heart-vector (pointing from the 
right to the left) is applied to the vertical condensor plates, which give the light spot on the screen 
of the cathode-ray tube a deflection to the right. The component Z simultaneously gives a deflection 
downwards so that the spot is displaced to f. The vector Of, pointing from the zero point O to 
the actual position / of the spot represents the frontal projection of the heart-vector. During the 
heart beat the light spot describes a curve, which is the frontal projection of the three-dimensional 
vector cardiogram. 

The instrument is provided with two cathode-ray tubes. By properly adjusting the knobs 
the second tube can give another projection of the vector cardiogram. We use as a rule the 
horizontal one, giving a view of the vector cardiogram seen from the head end. 

The instrument is calibrated with an alternating voltage of 1 mV. With a switch this voltage 
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is connected successively with the three entrance electrodes. On each screen there appears a 
straight, inclined line, which, by turning the knobs is given the right components in a horizontal 
and a vertical direction. As the coefficients can be given in an absolute measure, the same is 
true for the vector cardiogram. There would be no sense in mentioning the deflection on the 
screen corresponding to | mV, as this depends on the component and on the position of the entrance 
electrode. It is, however, possible to give the deflection corresponding to the unit of dipole 
momentum, the Volt cm2, which we choose as a rule equal to a few centimetres. 

The time is visualized by making the electron beam intermittent, so that a dotted line appears 
on the screen. The time interval can be adjusted between | and 50 msec. (a). The intensity of 
each dot increases rapidly and falls off slowly, giving the direction in which the spot is moving. 

To protect the screen during the stationary position or slow motion of the light spot, the intensity 
can be regulated automatically. The greater the velocity, the greater is the intensity of the electron 
beam. In this way the contrast in the photographic image can be reduced to such an extent, 
that the intensity of the slower P and T is not too high, if that of the quick QRS loop is sufficiently 
increased. 

With two lenses slightly reduced images of both screens are projected on photographic paper. 
As a rule some photographs are made with and without intermittence of the beam. If the dipole 
momentum is small the photographs are made with a higher amplification. 

Results. In the above-mentioned form of two projections the result is not quite clear at once. 
We, therefore, make a loop of copper wire, the projections of which agree with the photographic 
images of the horizontal and vertical projections. 

As an example Fig. 3 shows the photographic image of frontal and top view of a loop of which 
Fig. 4 gives the stereoscopic image of its wire model. 


a b 


Fic. 3.—Photographic image of horizontal (a, left) and frontal 
(b, right) projection of a vector-cardiogram. 





Fic. 4.—Stereoscopic image of a wire model of the vector cardiogram of Fig. 3. 
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The instrument is designed for universal use. We have made vector cardiograms with different 
positions of the electrodes, using for each set of electrodes the coefficients as determined with the 
aid of a phantom (Burger and van Milaan, 1947). But if one should want to use other coefficients, 
they can easily be altered by turning the knobs. The well-known Einthoven frontal view of the 
vector cardiograms can be obtained by choosing the proper coefficients. Also vector cardiograms 
according to the suppositions of Duchosal and Sulzer (1949) can be and have indeed been made. 


The writers are indebted to Mr. G. Casteleyn and Mr. F. R. Diemont, for the trouble and the time spent in 
working out the electronic circuits and in constructing the instrument. 
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Pégot in 1833, addressing the members of the Anatomical Society of Paris, described a murmur 
heard over subcutaneous abdominal varices in an alcoholic soldier. From this time, cases of 
cirrhosis with so-called abdominal ** venous hums ”’ have been reported at intervals. Judging from 
the total number mentioned, this physical sign is infrequent but failure of recognition may account 
in part for this. There are 60 recorded instances with necropsies in 25, Continental and American 
authors having been the chief contributors. There have been few references to the sign published 
in this country. The object of this paper is to report two further cases with post-mortem findings 
in one; to describe the features of the hum and discuss its origin, and to consider other murmurs 
with which it may be confused. Auscultation of the abdomen is seldom performed, but attention 
will be drawn here to this simple clinical procedure, which may yield useful information, particularly 
in suspected chronic liver disease and splenomegaly of doubtful etiology. 

Case J]. An Italian woman, aged 62, was admitted in emergency to the Middlesex Hospital, 
on November 2, 1947. She had apparently been healthy until that day, when dark blood had 
suddenly welled from her mouth. She became pale and collapsed. 

The patient had come to England in 1903. There was no past history of illness until 1940, when 
she had a distended abdomen and what was described as “‘ anemia and dropsy of the belly.” She 
was treated at home with injections and after three months the distension subsided, without 
recurrence. She had been pale and thin for many years. There were no symptoms referable to 
the cardiovascular, respiratory, and alimentary systems. A glass of beer was taken every day, and 
occasionally spirits. A few of the details in the following account were obtained at a later examina- 
tion when the patient’s general condition had improved. 

On examination the patient was pale and wasted. The skin was rough, sallow, and lax. 
Numerous prominent small vessels were present on the nose. The pulse was 100 a minute and 
regular, and the blood pressure 105/70. The cervical veins were not congested. Over the angle 
of Louis a zone of pulsation, 16 mm. in diameter, was visible, but not palpable. A dilated tortuous 
vein, 3-7 cm. in length, was lying longitudinally just below the tip of the xiphoid; the blood-flow 
was upwards. Pressure in the epigastrium resulted in obliteration of the pulsation at the sterno- 
manubrial junction. The superficial veins of the abdomen and of the lower limbs were prominent 
and tortuous, the flow of blood being in the normal direction. 

The apex beat was in the fifth left intercostal space, 12-5 cm. from the mid-line. A soft systolic 
murmur was audible at the apex. As the stethoscope was moved medially away from the apex, 
a strange, distant, blowing sound was heard. It was high-pitched, continuous, and of constant 
intensity, resembling the sound produced by a sea-shell held against the ear. The intensity of the 
bruit increased, becoming a continuous, loud roar as the mid-line was approached. It was maximal 
in the epigastrium, especially over the varicosity. The murmur was audible, with diminishing 
intensity, over the lower part of the right side of the chest and over the upper abdomen as far laterally 
as the mid-axillary line. (Fig. 1). The character and intensity of the murmur were not influenced 
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by the phases of the respiratory and cardiac cycles, nor by change of posture. Light digital palpation 
of the varicose vein in the epigastrium revealed a slight thrill. Firm pressure over the xiphoid 
process caused the hum to cease abruptly; on releasing the compression the hum reappeared. 

The spleen was grossly enlarged, the tip extending beyond the level of the umbilicus. The liver 
edge was just palpable; it was hard and regular. Shifting dullness was not demonstrated. External 
hemorrhoids were present. 

A diagnosis of portal hypertension, probably secondary to hepatic cirrhosis, was made. The 
history of dark blood welling from the mouth suggested the presence of bleeding cesophageal 
varices. Examination of the blood showed: hemoglobin, 50 per cent (Haldane); red cells, 
2:8m. per cu. mm.; leucocyte count, 2500 per cu. mm. The Van den Bergh reaction and liver 
function precipitation tests were normal. The Wassermann reaction was negative in the blood. 

The patient had repeated hematemeses with effortless vomiting, and, in spite of transfusions, 
died on December 1, 1947. No change was observed in the character, intensity, and distribution 
of the continuous murmur during the period of observation. 





Fic. 1.—Shows the distribution and intensity of the venous hum in Case 1. 


Abstract from Post-mortem Record (Bland-Sutton Institute, No. 228/47). Nothing abnormal 
was found in the heart, great vessels, or lungs. Blood clots were present in the lumen of the 
cesophagus, and dilated tortuous veins in the submucosa, extending from the cardia to the level 
of the aortic arch. A circular perforation, 5 mm. in diameter, was found in a vessel 8 cm. from 
the cardia. 

There was no free fluid in the abdomen. The stomach and intestines were normal. The liver 
was finely nodular and weighed 1-2 kg.; the microscopic appearances were those of an early coarse 
cirrhosis. The spleen was grossly enlarged, weighing nearly 1 kg.; microscopy revealed dilated 
sinuses, diffuse fibrosis, and siderotic nodules. 

The inferior vena cava was normal. The portal and splenic veins were much dilated and their 
walls calcified. A dilated vessel, 1-7 cm. in diameter, was found arising from the left branch of 
the portal vein. It passed into the falciform ligament and after a distance of 8-7 cm. turned upwards 
from the free margin to run tortuously through the linea alba into the superficial tissues of the 
abdominal wall. The remaining part of the free margin contained the ligamentum teres. The 
vein appeared just below the tip of the xiphoid and, passing anteriorly to the process, widened to 
form a thin-walled sinus 18 mm. in diameter. The sinus united with the dilated left and right 
internal mammary veins which ran a normal course beneath the chest wall (Fig. 2). 
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Final Diagnosis. Coarse cirrhosis with a collateral circulation in the falciform ligament and 
abdominal wall, producing a venous hum and thrill. Esophageal varices with perforation. 

Comments. The long symptomless history, dating from the sudden onset and rapid dis- 
appearance of ascites seven years ago, is unusual in coarse cirrhosis. Thrombosis of the portal 
vein may have occurred at that time with subsequent recanalization. Banti’s syndrome may 
be considered as a possible diagnosis. This view is supported by the long history, the leucopenia, 
and the gross splenic enlargement, but in the absence of previous medical records this diagnosis 
remains only a possibility. 





Fic. 2.—Shows the course of the venous sinus arising from the left branch of the portal vein 
and terminating in the dilated internal mammary veins, in Case 1. 


Case 2. An Italian man, aged 67, was admitted to the Middlesex Hospital on March 12, 
1948. On the day before admission, while he was walking in the street, his mouth had suddenly 
filled with blood. The total hemorrhage amounted to about a quarter of a litre. No other 
symptoms accompanied the bleeding, apart from some weakness. 

There was no past history of illness except “ iaundice ” at the age of 17. The patient came to 
London in 1906 and was well until March, 1942, when he had a sudden, severe melena, 
and was admitted to St. Mary’s Hospital. At that time the spleen was found to be palpable, 
and no organic lesion was demonstrated by radiological examination of the alimentary tract. A 
diagnosis of Banti’s disease was made. He remained well until February, 1944, when he was 
admitted to the Middlesex Hospital for a sudden and severe hematemesis. The liver edge was just 
palpable and the spleen enlarged three fingers-breadth below the costal margin. Blood examina- 
tion showed: hemoglobin, 67 per cent (Haldane); red cells, 3-3 m. per cu. mm.; leucocyte count, 
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4000 percu.mm. Platelet count, 160,000 percu.mm. A barium swallow revealed gross ceesophageal 
varices. 

Following his discharge from hospital in April, 1944, the patient was seen in the out-patient 
department at intervals. His general condition remained very good, the hemoglobin high (90- 
108 per cent) and the platelet count low (70,000—250,000 per cu. mm.). He now complained of in- 
creasing fatigue on moderate exertion. The appetite was good and the weight steady. There was 
occasional epigastric discomfort. Beer and spirits were taken rarely. 

On examination the skin was sallow and lax, with telangiectases over the nose. The pulse 
was normal, and the blood pressure 125/80. No varicosities were visible on the trunk or lower 
limbs. Examination of the heart and lungs revealed no abnormality. The spleen and the liver 
were enlarged, each two fingers’ breadth below the corresponding costal margin. No ascites was 
detected. Light palpation over the xiphoid revealed a continuous thrill. A loud, continuous, 
roaring murmur was audible, localized to the xiphoid region, and loudest at the base of the process 
(Fig. 3). The intensity was increased in the erect posture compared with the recumbent, reaching 


<> 


Fic. 3.—Shows the distribution of the venous hum in Case 2. 


a crescendo at the height of inspiration. There was no accentuation during cardiac systole. The 
thrill and bruit ceased abruptly upon the application of firm, localized pressure just below the tip 
of the xiphoid. Subcutaneous varices were neither visible nor palpable in this region. 

Blood examination showed: hemoglobin, 91 per cent; red cells, 4-7 m. per cu. mm.; leucocyte 
count, 4300 per cu. mm.; platelet count, 300,000 per cu. mm.; prothrombin time, 53 seconds (control 
30 seconds). Vanden Bergh, positive; delayed direct and indirect reactions; quantitative, 2-4 units. 
Plasma proteins: albumin 3-1 g, globulin 3-3 g. Thymol turbidity, 3 units. Wassermann reaction, 
negative. 

No bleeding occurred during the stay in hospital, and the patient was discharged in good general 
health on April 10, 1948. 

Comments. This case had been regarded as an example of “‘ Banti’s syndrome.” The spleno- 
megaly followed by hepatomegaly, the thrombocytopenia, and the melena of 1942, in the absence 
of a demonstrable radiological lesion in the esophagus and gastrointestinal tract, support this view. 
However, the progressive anemia usually associated with this syndrome was not present. The 
recent hemorrhage and the hematemesis in 1944 may have originated from the cesophageal varices 
first shown by a barium swallow in that year. The presence of the epigastric thrill and murmur 
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were indicative of the hidden veins of a collateral circulation in the abdominal wall and, it will be 
shown later, supported a diagnosis of hepatic fibrosis. 

Clinical Diagnosis. Cirrhosis of the liver with cesophageal varices and a collateral circulation 
in the falciform ligament and abdominal wall, producing a continuous hum and thrill. 


PREVIOUSLY REPORTED CASES 


Laennec (1819) gave the first description of the venous hum. It was heard in the neck, and was 
considered by him to arise in the carotid arteries. Pégot in 1833 described a soft murmur heard 
over subcutaneous abdominal varices in an alcoholic soldier. A necropsy revealed a large 
spleen, ** small liver,” and a “‘ patent umbilical vein.”” An account of this case was also published 
by Cruveilhier (1835). A more detailed description of the venous hum occurring in cirrhosis 
was given by Trousseau in 1868. He was accompanied at the necropsy of such a.case by 
Sappey who dissected the porto-systemic anastomoses which were found in the falciform liga- 
ment and abdominal wall. 

Further accounts of the hum have appeared in clinical records from time to time. The majority 
of these are mentioned by Armstrong and his associates (1942) in their discussion on the Cruveilhier- 
Baumgarten syndrome. Other cases, not recorded by these authors, have been reported by Hall 
(1922, 1937), Lemierre and Garcin (1930), Gwyn (1930), Bates (1937), and Kenawy (1937, 1939). 


PORTO-SYSTEMIC ANASTOMOSES 


The venous hum in hepatic cirrhosis is dependent upon the formation of anastomoses between 
the portal and systemic circulations. Details of the many vascular communications that may 
develop in this condition are given by Rolleston and McNee (1929). In considering the features 
and mode of origin of the murmur, we are only concerned with those vessels that develop in the 
falciform ligament and abdominal wall. The former normally contains channels that establish 
communication between the left branch of the portal vein and the subcutaneous veins of the 
abdomen; these are the para-umbilical veins of Sappey and lie in close relation to the ligamentum 
teres. 

In portal hypertension a large vein is often found in the free margin of the falciform ligament. 
Rokitansky and Bamberger stated that this was the patent umbilical vein, but Sappey, doubting 
the permeability of this structure, asserted that it was always a dilated para-umbilical vessel (Rolleston 
and McNee, 1929). Baumgarten found that in 55 of a series of 60 consecutive necropsies the 
umbilical vein remained patent for some 6-10 cm. from its connection with the left branch of the 
portal vein (Fontanel and Puig, 1931). More recently, Flynn (1946) reported a case of cirrhosis 
in which it was patent throughout its length. Rolleston and McNee (1929) have seen the vein full 
of growth in a case of cirrhosis with carcinoma. 

In cases reported by Catti (1907), Florand (1922), Picchini (1890) and Armstrong et al. (1942), 
the vessel in the free margin of the falciform ligament was considered to be the umbilical vein, where- 
as in the cases of Lutembacher (1936), Lemierre and Garcin (1930) and others, it was clearly a 
dilated para-umbilical vein. In Case | described here, a large vein was present in part of the free 
margin of the falciform ligament, the remaining portion being occupied by the ligamentum teres; 
this vessel may, therefore, be considered as the patent section of the obliterated umbilical vein 
referred to by Baumgarten. , 

A large channel running anteriorly in the falciform ligament connecting the umbilical or para- 
umbilical veins with the superior epigastric or internal mammary veins has been seen at necropsy 
in cases of portal obstruction (Hall, 1937; Lemierre and Garcin, 1930). It appears to have been 
an example of the para-umbilical-xiphoid vein of Braune (von Braune, 1884) and was present in 
Case 1 reported here. 
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FEATURES, ORIGIN, AND OCCURRENCE OF THE HUM 


Venous Hums in General. The continuous humming bruit is most often heard in the neck, 
arising from the jugular veins of normal children and anemic adults. It may be necessary to put 
these vessels on the stretch (by lifting and turning the head to the other side) before the hum can be 
heard. Laennec (1819) was the first to describe the murmur and likened it to the sound “ of the sea 
or that which is produced by the application of a large shell to the ear.” Hope (1849) compared it 
to the whispered word “ who.” Bouillaud (1835), quoted by Hope, called it the “* bruit de diable,” 
but the latter preferred the term ‘“* venous-hum.”’ Occasionally, the murmur may have a musical 
quality, so much so that Laennec, describing the phenomenon in a case, said, “ I at first conceived 
the sound to arise from an instrument in the apartment below.”” The cervical hum was considered 
both by Laennec and Bouillaud to arise in the carotid arteries. Ogier Ward (1837) and Hope 
(1849) pointed out the venous origin of the murmur. 

Venous Hums in Hepatic Cirrhosis. The murmur in cirrhosis is usually localized to the region 
of the xiphoid process (Case 2) or the umbilicus, but considerable radiation may occur (Case 1). 
It has been detected over the precordium (Gwyn, 1930), the lower end of the sternum (Catti, 1907: 
Hall, 1922), the sternum and hepatic area (Gambarati, 1903; and our Case 1) and the abdomen 
and back (Florand, 1922). Occasionally, more than one focus of sound may be present (Lutem- 
bacher, 1936; Armstrong ef al., 1942). 

Accentuation of the murmur may occur during systole, inspiration, and in the erect or sitting 
posture compared with the recumbent. Rarely, it may occur during cardiac diastole (Gambarati, 
1903; Fontanel and Puig, 1931). The hum may become softer or disappear either spontaneously 
(Rolleston and McNee, 1929; Gambarati, 1903) or after paracentesis (Catti, 1907; Picchini, 1890; 
Lutembacher, 1936). It has disappeared with the onset of ascites a short time before death (Thayer, 
1911; Lemierre and Garcin, 1930); this may have been the result of portal thrombosis. 

A thrill may be present at the site of maximum intensity of the hum. It is usually slight, and 
detected by light finger-pressure. Obvious subcutaneous varicose veins are present in the majority 
of cases in the region of the hum and thrill. In some instances they may be revealed only after 
careful inspection or palpation, whilst in others, dissection at necropsy may be required to display 
them. Occasionally, dilated veins may be present in the thoracic wall. Application of firm pres- 
sure over or just below the site of the thrill and hum usually leads to their disappearance with 
subsequent reappearance on release of the compression. 

Gambarati (1903), Bates (1937), and others, and Hale-White (1945), have considered the hum 
to arise in the inferior vena cava narrowed by peri-venous hepatic fibrosis. This view is not 
substantiated by necropsy findings, the vessel being invariably normal. Thayer (1911) emphasized 
the superficial origin of the phenomenon. He considered it to be produced by blood passing under 
pressure through the varying calibre of the abdominal varicosities. This is the view of Lemierre 
and Garcin (1930), Lutembacher (1936) and Hall (1937); it is supported by the clinical features and 
necropsy findings of cases previously reported, and by the circumstances of the cases here presented. 
When no obvious subcutaneous varicosities are present, the hum has been thought to arise in a 
tortuous umbilical or para-umbilical vessel in the falciform ligament, but it is probable that necropsy 
would reveal the presence of more superficial channels. The existence of the murmur over the pre- 
cordium is usually the result of transmission from the abdomen by way of subcutaneous varices in 
the chest wall or dilated internal mammary veins. 

Anemia is not essential for the production of the hum, but may play a part in the intensity 
and radiation (Lutembacher, 1936). In Case 1, reported here, no change with fluctuation in 
hemoglobin percentage resulting from repeated hematemeses and transfusions was observed. 
The hum may be present at the time when the cirrhosis is diagnosed, but it may not appear until 
after an interval of months (Fontanel and Puig, 1931) or years (Taylor, 1895). It may sometimes 
be the presenting feature, evidence of cirrhosis appearing only later (Gywn, 1930). 

The characteristics of the hum have been described in cases of portal, monolobular (Hall, 1937), 
bilharzial (Kenawy, 1937, 1939) and syphilitic cirrhosis. Armstrong and his associates (1942), 
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2ollecting previously reported cases of venous hum, found 42 examples. Although necropsies 
were performed in only half this number, most appeared to be associated with hepatic fibrosis. 
Venous hums may occur in other forms of portal obstruction, such as hypoplasia of the right branch 
of the portal vein. 

The para-xiphoid-umbilical hum indicates the presence of portal obstruction beyond the origin 
f the para-umbilical veins and umbilical vein (ligamentum teres). It has, apparently, only been 
reported in conditions associated with hepatic fibrosis. The incidence of the phenomenon is not 
high, but perhaps it is often overlooked. But even when all the necessary factors for the production 
of a hum appear to be present (i.e. portal hypertension and porto-systemic anastomoses with 
abdominal varicosities), no sound may be heard. Furthermore, it is quite common to meet with 
>xtreme hepatic cirrhosis in the absence of dilated channels in the falciform ligament and abdominal 
wall. 

Originally, Cruveilhier (1835) considered the fundamental lesion to be a congenital patency of 
the umbilical vein with the resulting shunt of blood away from the liver leading to subsequent 
atrophy. Von Baumgarten (1908) suggested that the shunt was secondary to congenital hypo- 
plasia of the liver and portal system. In 1922 Hanganutz introduced the term “* Cruveilhier-Baum- 
garten cirrhosis * and this has been frequently used by French authors. 

Armstrong and his colleagues suggest that the term “ Cruveilhier-Baumgarten syndrome ” be 
applied to patients showing a clinical picture of portal hypertension characterized by a loud 
abdominal murmur and thrill. If necropsy reveals the presence of a patent umbilical vein and 
hepatic atrophy with little or no fibrosis, the case is considered to be an example of ** Cruveilhier- 
Baumgarten disease” (i.e. primary porto-systemic shunt due to persistent patency of the umbilical 
vein with subsequent hepatic atrophy). The authors refer to 4 reported cases of this ‘* disease ” 
and add one of their own. The claim, however, that the liver changes in these cases are not those 
of ordinary coarse cirrhosis is not convincing. 


DIFFERENTIAL DIAGNOSIS 


A continuous abdominal hum may be heard in conditions other than those associated with 
hepatic fibrosis. Such a murmur may arise from the inferior vena cava, and should be recognized 
without difficulty. It is occasionally heard in the normal subject, but more often in the presence of 
anemia. It is best heard just above and to the right of the umbilicus, radiating along the line of the 
vessel. A similar bruit may be present over an enlarged spleen (Roeser, 1862), and Catti estimated 
that it is heard over this organ in every fifth or sixth case of cirrhosis (Rolleston and McNee, 1929). 

A continuous hum has been found over a liver that was the seat of malignant disease (Lauder 
Brunton, 1896). It may be due to a very vascular tumour or possibly to compression of the portal 

ein by growth or enlarged glands (Rolleston and McNee, 1929). Very rarely, an arterio-venous 
listula may develop in the abdomen, usually the result of rupture of an aortic aneurysm into the 
nferior vena cava. The resulting continuous murmur is accompanied by the general vascular signs 
f arterio-venous communication. The “ souffle” occasionally heard over the lower abdomen 
n pregnancy or in the presence of fibroids will not give rise to confusion, but is mentioned for the 
ake of completeness. 

A number of cases of cirrhosis have been reported in which transmission of the hum occurred 
ipwards over the sternal region.. Occasionally, the thoracic distribution is the salient feature. It 
5 particularly in these cases that confusion may arise, the most frequent error being a diagnosis of 
ongenital heart disease. In view of this, Gwyn (1930) advises a search for evidence of cirrhosis, 
ncluding the presence of subcutaneous varicosites about the epigastrium and sternal regions, when 

congenital heart lesion is suspected. 

Three conditions may give rise to a murmur in the chest resembling that heard in cirrhosis, 
amely, persistent ductus arteriosus, arterio-venous fistula, and murmurs arising in the great veins. 
diagnosis in the former two should not be difficult. Regarding the third, it is important to recognize 


ie venous hum frequently met with (and already described) in healthy school children. The chief 
2A 
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importance of this hum is that it may give rise to a mis-diagnosis of congenital heart disease (Sawye’ , 
1910; Coombs, 1911; Landis and Kaufman, 1912; Palmer and White, 1928). 

Auscultation of the abdomen is advised in patients with splenomegaly or features suggestin 
chronic liver disease, for the para-xiphoid-umbilical hum is almost pathognomonic of hepati 
cirrhosis. The presence of this murmur makes laboratory tests for liver function, including live 
biopsy with its attendant dangers, largely unnecessary for establishing the diagnosis. Furthermor: 
the sign points to the presence of hepatic fibrosis even if all these special investigations are negativ: 
In a number of cases the bruit is present in the absence of obvious varicosities, and it is particular! 
in these that auscultation is of value. 


SUMMARY 


Two cases of cirrhosis of the liver are reported in which a collateral circulation in the falcifori 
ligament and abdominal wall produced a continuous venous hum and thrill. 

Reference is made to the porto-systemic anastomoses which may develop in the falciform 
ligament and abdominal wall in cirrhosis. 

The features of the murmur are described, its occurrence and significance considered, and 
the mode of production discussed. Reference is made to the “ Cruveilhier-Baumgarten syndrome. ” 

A brief survey is made of other continuous bruits heard over the abdomen and thorax. 

Attention is drawn to the value of abdominal auscultation in patients with splenomegaly or 
suspected chronic liver disease. 


I am indebted to Dr. G. E. Beaumont, who discovered the murmur in Case 1, for encouragement and permission 
to publish this case; to Dr. G. E. S. Ward for permission to publish Case 2; to Professor R. W. Scarff for the post- 
mortem report; to Dr. E. A. Fairburn for helpful criticism; and to Mr. M. E. Sandervorst for assistance with the 
foreign translations. 
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The electrocardiographic changes considered diagnostic of hypertrophy of the right ventricle are 
well known. They are characterized by a predominantly positive initial ventricular complex over 
the right chest, preceded by a small q wave or r-s waves, while over the left chest a predominantly 
negative complex preceded by a small r wave is found.* The transition point between the qR (or 
rR) and the rS patterns lies usually in the sternal region anteriorly (Fig. 4), but may frequently be 
somewhat to the right of the sternum in position V3R (Fig. 7). In some cases in which R-S 
waves of equal size occur across the whole left precordium a sharp transition point between rS and 
qR or rR complexes can be found by taking leads from areas slightly more cranial than the standard 
positions (Fig. 6). The value and shortcomings of the standard leads in right ventricular hypertrophy 
are well known and have recently been reviewed by Myers, Klein, and Stofer (1948); they will not 
be discussed in this paper. 

There would appear to be a substantial body of opinion which holds that these characteristic 
changes are due to an electrical predominance of the right ventricle as a result of its increased bulk, 
the normal potential differences between the right and left ventricles being reversed (Wilson ef al., 
1944). Thus, according to Goldberger (1944), leads facing the epicardial surface of the hyper- 
trophied right ventricle show a positive or upright (qR) complex, while patterns derived from the 
left ventricular epicardium are mainly negative (rS) complexes, similar to those recorded over the 
right ventricle in health. 

Consideration of the heart’s position in such conditions as the tetralogy of Fallot without cardiac 
enlargment shows, however, that leads from the left side of the precordium (e.g., 2-5) do not in fact 
face the epicardial surface of the left ventricle but the right (Fig. 2). This anomaly has been noted 
before (Kossman et al., 1948: Sokolow and Lyon, 1949). The right ventricle, when it hypertrophies, 
bulges forward and to the left so that the whole antero-lateral surface of the heart consists of right 
ventricular wall. This fact has been frequently confirmed during the cardiac catheterization of cases 
of the tetralogy of Fallot when the tip of the radio-opaque catheter can be seen on the X-ray screen 
to pass to the left lateral edge of the cardiac silhouette while still in the right ventricle. Further- 
more, it is probable that leads from the right precordium (e.g. C3R to C8R) do not face the right 
ventricle at all as the tricuspid valve can be demonstrated approximately in the midline of the body 
by angiocardiography. 

The relationship of the patterns derived from the chest wall to the position of the underlying 
heart in health is illustrated in Fig. 1. As would be expected, electrodes facing the right ventricular 
epicardium record a right ventricular (rS) pattern while electrodes facing the left ventricle record a 

* A predominantly positive complex preceded by a small q or r wave such as is seen in position V3R in Fig. 2 


will, for the sake of brevity, be referred to as (R or rR pattern. Likewise, a predominantly negative complex preceded 
by a small r wave such as the tracing V2 in Fig. 2 will be referred to as an rS pattern. 
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Fic. 1.—Diagram and electrocardiogram for man (W) with carcinoma of the lung and a normal cardiovascular 
system. Diagram represents a schematic transverse section of the thorax through the region of the cardiac apex 
and the preoperative electrocardiogram. On the left are electrograms from the left auricular appendage 
(L.A.Appe.E.), the left ventricle (L.V.E.) and the right ventricle (R.V.E.). During the period in which these 
records were obtained the rhythm was nodal. Large P waves are apparent, superimposed on the ventricular 
complex in lead L.A.App.E. The standardization curve of the electrograms is also shown in the curve above 
them. 


left ventricular (qR) pattern; the transition zone is in position V3. In the case of the tetralogy of 
Fallot, however (Fig. 2), the interventricular groove rotates to the left while the transition zone 
between qR (or rsR) and rS complexes moves to the right. Consideration of this diagram suggests 
that the rS pattern recorded from V2-V%S is in fact derived from the underlying right ventricular 
epicardium, and that the rsR complexes recorded in leads V3R-—V8R may arise chiefly from the lefi 
ventricular surface. This implies that if direct leads could be recorded from the right and lefi 
ventricular walls they would not demonstrate “ electrical predominance ”’ of the right ventricle, but 
would show rS and qR patterns respectively as in health. The investigation described below is an 
attempt to determine whether this is in fact the case. 
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Fic. 2.—Diagram and electrocardiograms from man, aged 19 (V.B.), with tetralogy of Fallot. A similar diagram to 
Fig. 1. The entire anterior surface of the heart now consists of right ventricular wall. Half normal sensitivity 
is used in recording leads VI and V2. The electrograms of this patient are shown in Fig. 5. 


INVESTIGATION 


Cases have been selected that were about to undergo thoracotomy. Except where otherwise 
stated thoracotomy has been performed via a left lateral incision. In this way a small area of the 
left cardiac surface was exposed. The pericardium was as a rule not incised, but with one exception 
the descending branch of the left coronary artery could be identified and this was considered to mark 
approximately the boundary zone between the two ventricles. An exploring electrode consisting 
of an insulated wire terminating in a moist cotton wool swab of about half an inch diameter was 
laid on the exposed pericardium. If it contacted other thoracic structures as well this is indicated. 














M. McGREGOR 
































ven ~~ ee eo 


Fic. 3.—Electrocardiogram for a boy (A. T.), aged 4, with the tetralogy of Fallot. On the left is the pre-operative 
electrocardiogram. The electrograms (on the right) are recorded from the heart as follows :— 


3 Anterior wall of right ventricle. 
6 Pulmonary conus. 

Lateral wall of left ventricle. 

Posterior wall of left ventricle near diaphragm. 

High posterior wall of left ventricle near auriculo-ventricular groove. 
= Posterior wall of left ventricle between 5 and 7. 


Graphs 5, 6 and 8 are impure electrograms as the electrode was also in contact with the left lung. One complex 
of each tracing has been touched up for purposes of reproduction. The indifferent electrode was attached in 
this case to the right arm. Standardization varied between the limits shown. Below, on the right, are the limb 
leads recorded during the operation. 
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eZraunnN 


The unipolar indifferent electrode of Wilson was used in all cases except that illustrated in Fig. 3, 
where the right arm was used as an indifferent electrode. Unless otherwise indicated normal 
standardization is used. On the left side of Fig. 1 is an example of the qR and rS complexes 
normally recorded from the left and right ventricles respectively in health. 

Ten cases of tetralogy of Fallot were investigated. All showed the electrocardiogram considered f 
typical of right ventricular hypertrophy and all were clinically typical of this condition. In most 
cases the diagnosis was confirmed by means of cardiac catheterization and angiocardiography. 


RESULTS 


In the first case, illustrated in Fig. 3, there was a good exposure of both ventricles, and records 
were obtained from several points on each. The septal region in this case was avoided. It will be 
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een that rS complexes were recorded from the right ventricle. qR complexes were recorded from 
ie left, except when the electrode lay near the auriculo-ventricular groove posteriorly (graph 7, 
ig. 3). An identical case is not illustrated. In two similar cases (one illustrated in Fig. 4) the 
nitial r wave over the right ventricular surface was replaced by a q wave in the region of the septum. 





























RVE! RVE2 LVE! 

FIG, 4.—Electrocardiogram from a woman (S.G.), aged 18 years, with tetralogy of Fallot. Electrograms with their 
standardization shown below as follows :— 
R.V.E. 1 = Anterior wall of right ventricle approximately two inches from descending branch of left coronary 

artery. 

.V.E. 2 = Anterior wall of right ventricle approximately half an inch from same artery. 

.V.E. 1 = Left lateral wall of left ventricle approximately half an inch from the same artery. 

.V.E. 2 = Posterolateral wall of left ventricle approximately one and a half inches from same artery. 


‘al 


In Fig. 5 are shown the electrograms of the patient whose electrocardiogram was illustrated in 
Fig. 2. In this case very little of the right ventricle was available for exploration and possibly for 
his reason an intrinsic r wave could not be demonstrated. A large area of the left ventricle was 
shown to transmit a qR pattern. In the case illustrated in Fig. 6 the two ventricles could not be 
dentified with certainty. Leads from the anterolateral surface of the heart both before and after 
he completion of the anastomosis showed an rS pattern. After the anastomosis, however, a qS 
-omplex was obtained from the postero-lateral surface of the heart and a qR pattern was not recorded 
intil the electrode was thrust round to the back of the heart where it was in contact with both the 
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Fic. 5.—Electrogram of case illustrated in Fig.2. T.V.E.1 in this case was not more than one inch from the descending 
branch of the left coronary artery. 


lung and the pericardium. It is probable that in this case a degree of rotation of the heart greater 
than usual had taken place and that during the course of the anastamosis a further change in position 
had taken place leaving only the right ventricle exposed. 

Although the ventricles in two other cases could be defined, adequate exploration of the left ven- 
tricle could not be performed. In one an rS pattern and in the other a gS pattern was recorded 
from the right ventricular surface. In the latter case an anterior approach was employed and 
procaine was injected into the wall of the right ventricle; records were taken after the performance 
of a pulmonary valvulotomy (Brock, 1949) through the right ventricular wall. Although records 
were obtained from the area one inch to the left of the descending branch of the left coronary artery 
qS complexes only were obtained; the electrical transition point may therefore be at least one 
inch to the left of this vessel. 

The last two cases to be described were similar and one only is illustrated (Fig. 7). Both were 
characteristic in that the left lateral wall of the right and left ventricles transmitted predominantly 
negative (rS) and positive (qR) patterns respectively. However, when the exploring electrode was 
thrust deeply into the potential space between the heart and the anterior chest wall in the region of 
the sternum a predominantly positive complex was recorded (curve El, Fig. 7). The exact position 
of the electrode was uncertain, but was in the region of the auriculo-ventricular groove near the 
posterior surface of the sternum; the absence of a typical large auricular P wave suggests that it 
was not in contact with the right auricle. It must also be remembered that the electrode was in as 
good contact with the chest wall as the pericardium in this position, and consequently cannot be 
regarded as a pure electrogram. The origin of this predominantly positive pattern is therefore 
uncertain. 


DISCUSSION 


In the ten cases investigated most, if not all, of the right ventricular surface transmits, as in 
health, an rS pattern, which is similar to that derived from the immediately overlying left precordium. 
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PRE Anastamosis 


ELECTROGRAM 


POST Anastamosis 


Fic. 6.—Diagram and electrograms from boy (C.S.), aged 16 years, with the tetralogy of Fallot. The diagrams above 
show the approximate positions of the chest electrode for each record. leads used throughout. The electro- 
grams below on the right were taken before, and the left after the anastomosis. The descending branch of the 

left coronary artery was not identified. The lower diagram shows the approximate sites on the lateral surface of 

the heart from which the electrograms were recorded. When the electrode was in position PP it was in contact 
with the lung as well as the heart. 
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Fic. 7.—Electrocardiograms for a boy (E.S.), aged 12 years, with the tetralogy of Fallot. 
Right ventricular electrogram approximately 1 inch from descending branch of left coronary artery. 
Left ventricular electrogram. 


.V.E. 
VE. 
+ F Retrosternal area. (See text). 
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imilarly, a qR pattern may be recorded from the left ventricular surface. The origin of the upright 
»mplexes derived from the right chest in these cases is uncertain. 

It is possible that an area of the right ventricle in the region of the auriculo-ventricular groove 
iransmits anrR pattern. An alternative explanation is that the large R wave found over the right 
chest is in fact derived from the left ventricular surface as a result of the rotation of the heart. 
Kossman ef al. (1948) suggested that the pattern of right ventricular hypertrophy in a case of cor 
pulmonale which they studied was due to rotation of the heart with almost complete reversal of the 
electrical fields of the two ventricles in the thorax, and there are some grounds for thinking that this 
explanation may hold here. 


SUMMARY 


The electrocardiographic pattern considered typical of hypertrophy of the right ventricle is 
described. 

Direct cardiac leads have been recorded at operation in ten cases of tetralogy of Fallot with this 
typical pattern. 

The pattern derived from the left ventricle is found to be predominantly positive and that from 
the right predominantly negative, as in health. 

It is concluded that the rS pattern found over the left preecordium in these cases is derived from 
the underlying right ventricular epicardium as a result of the rotation of the heart. 

The origin of the large R wave found over the right chest is uncertain, but it may be derived 
from the left ventricular surface also as a result of rotation. 


I wish to record my sincere thanks to Dr. J. B. Lowe who has given up much of his time to assist me during the 
investigations described here. I am also deeply indebted to Mr. W. Cleland, Mr. T. Holmes Sellors, Mr. R. C. 
Brock, Mr. G. C. Laurie Pile and Mr. L. Fatti for most kindly allowing me to record electrograms during ‘their opera- 
tions, and to Dr. B. van Lingen and Professor G. A. Elliot for their helpful suggestions in the writing of this paper. 

My deepest gratitude is due to Dr. Paul Wood for his continuous stimulation and encouragement. 
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The following account of an anaphylactic phenomenon is considered to be sufficiently unusui!l 
to be worthy of record. 

The patient was a mentally subnormal girl, aged 10 years, who reported to the clinic in September 
1949. She had been a difficult feeder in infancy but had caught up to normal weight at two years 
and at the time of examination her height and weight were both normal. Her physical activities 
were not greatly restricted. She was able to play quite well with other children though inclined to lag 
behind them. Her intelligence quotient was 64 per cent. There was no cyanosis, no clubbing, no 
history of convulsions, no palpitation, and no undue dyspnea. Red blood count was 4,870,000 
per cmm., hemoglobin 13-5 g. per 100 ml. The brachial blood pressure was 116/60. The cardiac 
impulse was in the fifth space, 6-5 cm. from the mid-line. There was a grade-two systolic murmur 
audible over the whole precordium and conducted up the carotid arteries and through to the back. 
There was no accentuation of the pulmonary second sound. X-ray studies carried out by Dr. N. 
Klein showed a transverse diameter of the heart of 12-5 cm. (cardio-thoracic ratio 60), enlargement of 
both ventricles, a very slight hilar dance, and increased size and pulsations of the pulmonary artery 
which bulged posteriorly into the retrocardiac space. The electrocardiogram showed evidence of 
some myocardial changes and a probability of right ventricular hypertrophy. 

The diagnosis could not be determined with certainty and was considered to rest between patent 
ductus arteriosus, auricular or ventricular septal defect, or common atrioventricular opening. 


Further investigation was, therefore, necessary and it was decided first to exclude the possibility of 


patent ductus arteriosus by an aortogram. For that purpose she was admitted to Green Lane 
Hospital one morning and the following is the sequence of events for that day: At 11 a.m., through a 
misunderstanding, 100 mg. of anthisan were given by mouth. At 12.30 p.m. an intradermal 
sensitivity test using 0-1 ml. of vasiodone (M & B) was followed immediately by an intravenous 
sensitivity test using | ml. of the same reagent. It was noted that according to the makers’ instruc- 
tions up to 3 ml. might be injected intravenously as a test dose, the absence of any reaction within 
two minutes indicating that the full dose of 40 ml. might then be given with safety. As, however, 
we were not quite ready to proceed with the aortogram the full dose of the drug was not actually 
given. Twenty minutes later, at 12.50 p.m., there was a sudden collapse with cyanosis and uncon- 
sciousness followed by convulsions. The breathing became stertorous and irregular and there was 
marked cutaneous congestion. The pulse rate rose to 140 a minute and became irregular and the 
blood pressure rose to 180/90. The convulsions were at first left-sided involving face, arm, and 
leg, but later they became generalized and in a few instances were purely right-sided. Later they 
reverted to the purely left-sided form. The abdominal reflexes disappeared, the plantar responses 
became extensor, and the tendon reflexes became exaggerated. Carpopedal spasm also developed 
and there was urinary incontinence. Ten minims of adrenalin, 1 in 1000, were given immediately 
360 
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the onset of the attack and a further six minims were given at 1.5 p.m. This was followed quickly 

y 15 ml. of 50 per cent glucose solution intravenously and 10 ml. of 15 per cent magnesium sulphate 
<glution intramuscularly. At 2.30 p.m. lumbar puncture showed a cerebrospinal fluid pressure of 

ore than 300 mm. of water, reduced to 250 mm. on removal of 15 ml. of fluid. At 3.30 p.m. 200 mg. 
©f anthisan were given per rectum and a further 100 mg. together with prominal and phenobarbital 
ere given four-hourly by stomach tube. Frequent lumbar punctures and further intramuscular 
injections of 15 per cent magnesium sulphate failed to keep down the pressure of the cerebrospinal 
fluid: for though the pressure fell considerably with every puncture, it quickly rose again to very high 
levels. No treatment was of any avail and although convulsions ceased on the second day the coma 
vradually deepened and the patient died at 7.43 p.m., three days after the injection of vasiodone. 

Necropsy was performed by Dr. J. F. Burton and the relevant findings are given below. 

The exterior of the brain was moderately congested and the convolutions were flattened. On 
section a few subcortical petechial hemorrhages varying in diameter up to a few millimetres were 
dispersed chiefly over the temporal regions. No other gross abnormality was seen. Histological 
studies revealed focal hemorrhages without cellular infiltration of adjacent normal brain tissue. 
The cerebral blood vessels appeared normal. 

The thymus appeared normal. The heart was enlarged due to hypertrophy of both ventricles, 
chiefly the left. Aortic, mitral, pulmonary, and tricuspid valves appeared normal. The interatrial 
septum was deficient, there being a large oval foramen and a number of smaller orifices. The 
aorta and pulmonary artery were of normal dimensions and the ductus arteriosus was closed. 

The liver, spleen, and kidneys were deeply congested but otherwise appeared normal. Histo- 
logically, the liver parenchyma, apart from slight vacuolation, appeared normal; the kidneys were 
congested and showed only slight tubular autolytic changes. 

The necropsy diagnosis was multiple interatrial septal defects and acute anaphylaxis. 


DISCUSSION 


This child, who had previously shown no convulsive tendencies, collapsed with coma and con- 
vulsions 20 minutes after receiving unusually small sensitivity test doses of vasiodone. She had 
never previously had this or any similar drug. Family history of allergy was at first denied by the 
parents, but subsequent interrogation revealed a strong allergic history on both sides. The child 
herself had never suffered from asthma or hay fever but was susceptible to slight rashes which may 
have been due to food allergy. In view of its suddenness and severity the reaction must be regarded 
as anaphylactic. Such a response would be expected immediately after the administration of the 
drug and it is suggested that the delay of 20 minutes was due to the preceding dose of anthisan. 
That the severity of the reaction could have been in any way due to the anthisan seems incredible: 
for its use before the main dose of vasiodone has been our routine practice for many months, during 
which period there have been no other allergic reactions. Anoiher interesting feature of this case 
was the hypertrophy of the left ventricle which was not accounted for by hypertension, aortic 
stenosis, or tricuspid atresia and was quite contrary to the usual finding in cases of auricular 
septal defect. This unexpected necropsy finding did not, however, appear to play any part in the 
anaphylactic reaction or death of the patient. 


SUMMARY AND CONCLUSIONS 


A case of delayed fatal anaphylactic reaction to a small test dose of vasiodone is described, and 
measures for the safer administration of intravenous radio-opaque substances are discussed. The 
importance (a) of enquiring closely for an allergic family history, (b) of giving a very small initial 
test dose of the drug, and (c) of making a correct use of antihistamine drugs is emphasized. 

For the safer administration of vasiodone and similar radio-opaque substances for intra-vascular- 
use the following precautions should be observed. 
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(a) There must be a careful enquiry for a personal and family history of allergy, and if there s 
a strong allergic history these drugs must not be used. 

(b) Sensitivity tests should be carried out as follows. A very small initial dose such as 0-1 m’. 
of the solution should be injected intravenously and a drop should then be instilled into the ey:. 


Owing to chemical irritation these substances are not suitable for intra-dermal tests. If after ha f 


an hour there is no reaction indicating sensitivity, a further test dose of 1-5 ml. should be injecte | 
intravenously. If after a further half hour there is still no reaction the full dose may be given unde; 
cover of an anti-histamine drug; but experience may show that when no antihistamine drug has 
been given a much shorter period will suffice. 

(c) Antihistamine drugs must be used correctly. The giving of antihistamine drugs befor: 
sensitivity tests, as was done inadvertently in this case, may so delay the sensitivity reaction as t 
give an apparently negative result when there is in fact, extreme sensitivity to the drug. Thei- 
use before such tests is, therefore, not only useless but may be dangerously misleading. There is, 
however, good reason to believe that antihistamine drugs, given about an hour before the mai 
dose of the radio-opaque substance, are of real protective value and should, we believe, be thu 
used in every case. 
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The diagnosis of angina pectoris is usually based on the history alone, and in most cases this 
is conclusive. When, however, the quality, site, distribution, duration, or relationship to effort 
of a suspicious chest pain does not conform to classical concepts, a reliable objective test is 
needed. Two such tests have been used widely, the effort test as developed by Master (1942) and 
the anoxic test of Levy (1941). In the hands of most investigators both these tests have given 
positive results in only about half of cases in which the diagnosis was clinically certain. As 
the inhalation of 10 per cent oxygen requires special apparatus, is time-consuming, relatively 
expensive, not without danger, and causes electrocardiographic changes that differ from the normal 
only in degree, and as trials by our colleagues were not encouraging, it seemed more profitable to 
concentrate on improving the effort test. Using a simple modification of Master’s technique, one 
of us (P. W.) soon realized that diagnostic ischemic curves could be obtained in about 90 per 
cent of patients with clinically certain angina pectoris in whom the resting electrocardiogram 
was normal. The object of this paper is to present an analysis of these results together with a 
larger series of cases similarly investigated at the Institute of Cardiology. 


TABLE I 


CASES PRESENTING WITH ANGINA PECTORIS 





Electrocardiogram at rest 


Clinical diagnosis ‘ 
Old Recent H¥Per Left Right 


No. Normal Ischemic jofarct | Infarct ‘"S'V€ | BB BI. B.B.BI. 

















pattern 
Pure angina — - a <— et 44 31 8 2 | 0 1 | 
Hypertensive angina .. sis es 21 Z 6 2 | 10 0 0 
Old cardiac infarct ae ah ree 18 3 1 14 0 0 0 0 
Acute coronary insufficiency .. os 14 0 14 0 0 0 0 0 
Aortic stenosis .. a - ee 3 0 0 0 0 3 0 0 
Total.. .. .. ss | 100 36 29 18 2 13 ; 





As a preliminary, it seemed important to know how often the resting cardiogram was normal 
in cases of unequivocal angina pectoris. Accordingly, a consecutive series of 100 patients, seen 
privately by one of us (P. W.), was analysed. The results are shown in Table I, and are in harmony 
with common experience. There were 44 with pure angina pectoris (with or without mild hyper- 
tension), 21 with serious hypertension (diastolic blood pressure 110 mm. Hg. or above), 18 with a 
history suggesting previous cardiac infarction, 14 with frequent and often prolonged attacks of 
pain at rest (acute or subacute coronary insufficiency), and 3 with aortic stenosis: no cases of 
syphilitic aortitis or severe anemia happened to be encountered in this series. Of the total, 36 per 
363 








364 WOOD, McGREGOR, MAGIDSON AND WHITTAKER 


cent had a normal resting cardiogram in standard, unipolar limb, and six chest leads (V1—V6) 
29 per cent showed ischemic depression of the RS—T segment in left ventricular surface leads o 
their equivalents (usually V4-6, VL, and standard lead 1); 20 per cent showed classical signs o 
cardiac infarction, mostly old; the remainder showed left ventricular preponderance with secondary 
T-wave changes (13), or bundle branch block (2). As would be expected, each clinical grour 
tended to be characterized by its own electrocardiographic pattern. Thus, 70 per cent of those 
with uncomplicated angina pectoris had a normal resting curve; 54 per cent of those with serious 
hypertension or aortic stenosis showed the well known curve associated with left ventriculai 
enlargement; 78 per cent of those with a history suggesting previous cardiac infarction gave 
cardiographic proof of it; and all those with acute coronary insufficiency showed ischemic 
depression of the RS—T segment at rest. 

The point emerges that approximately one-third of cases presenting with angina pectoris, and 
about two-thirds of those with uncomplicated angina of effort, have a normal electrocardiogram 
at rest. It is with this group only that we are further concerned. 

Material. There were 100 patients with classical angina pectoris; they were selected solely 
because their resting cardiograms were strictly normal, provided they were not excluded by some 
other incapacitating disorder. There were 82 men and 18 women. 

There were 100 controls with no evidence of cardiovascular disease; 73 were men and 27 
women. 

The ages of both patients and controls are presented in Table II. The controls averaged a 
decade younger, but over two-thirds of them were between 40 and 70. 


TABLE II 


AGES OF PATIENTS AND CONTROLS 





20-29 30-39 40-49 | 50-59 | 60-69 — Total 


Cases with angina Rs — 2 33 35 24 5 100 





Controls .. ei. ue 3 25 30 26 16 — 100 





Technique. The test evolved was simple and in principle consisted of continuous effort until 
the patient was pulled up by pain, dyspnoea, or fatigue. In private practice the maximum effort 
was limited by the top landing of the building in which the test was carried out, but there were 84 
good steps from the consulting room to the top landing, and the patient was encouraged to climb 
them rapidly, at a moderate speed or slowly, according to the ease with which angina was said to 
be provoked by effort. As soon as the patient reached the top, or before if he became distressed 
on the way, he was hurried down again and immediately reconnected to the electrocardiograph. 
At hospital, the test was similar, but consisted of climbing up and down a twelve-inch step. The 
control cardiogram consisted of standard leads, unipolar limb leads, and six chest leads (V1—V6), 
and was recorded by means of a direct writing instrument. Sometimes CR leads were recorded 
instead of V leads. The electrodes were left in position during the effort test. Subsequent tracings 
were taken at half-minute intervals until the ventricular complexes resumed their normal rate and 
contour. Maximum changes were not necessarily immediate; indeed, true inversion of the T 
wave, when it occurred, usually developed late during the recovery phase. The direct writing 
instrument enabled us to find the lead showing the most significant changes at once, and to check 
this from time to time without difficulty; it was usually lead VS. Again, when a diagnostic 
ischemic pattern developed, it could be recognized immediately and all twelve leads could then be 
recorded. 

The only patients with normal resting electrocardiograms who were not exercised were those 
who were prevented by other incapacitating conditions, such as osteoarthritis, intermittent claudi- 
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cation, gross obesity, and senility. Controls were always exercised as fast as possible: on the top 
landing after 84 steps they were invariably breathless and fatigued; or they were pulled up by 
similar symptoms after climbing the twelve-inch platform 80-100 times. 


RESULTS 


The majority of the controls showed little change except tachycardia (Fig. 1). Depression of 
the RS-T junction, however, was not uncommon and often measured 1-2 mm., but the RS-T 
segment then sloped rapidly upwards to a normal T peak (Fig. 2). In six instances slight flat 
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CONTROL AT REST AFTER GREAT EFFORT 


B 
Fic. 1.—Normal control before and after effort, showing no significant change. 








AFTER HURRYING UP S84 STEPS. 


Fic. 2.—Normal control, showing depression of the S-T junction from which the S-T 
segment slopes rapidly upwards to a normal T peak. 
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Fic. 4.—Case of angina pectoris showing sagging depression of the S~T segment after effort. No pain was felt 
during or after the test. 


TABLE III 
ANALYSIS OF MAXIMUM ELECTROCARDIOGRAPHIC CHANGES AFTER EFFORT IN 100 CASES OF ANGINA PECTORIS 





Mm. below the P-Q level (usually in lead V5) 








1:0 1-5 2:0 2°5 3-0 3-5 4-0 Total 
Flat depression of the RS-T segment 
(including 4 with completely flat T 
waves) v5 oe ne = 14 11 11 4 5 0 l 46 
Sagging of the RS-T segment (including 
a few with diphasic T waves and 2 - 
with transient B.B.BI.) os Sa 3 11 9 2 4 1 6 36 


True inversion of the T wave .. 
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depression of the RS-T segment was observed, but did not exceed 0-5 mm. below the P-Q level. 
One control had a typical ischemic curve and in two others depression was borderline. 

The most reliable lead was V5. Conspicuous auricular T waves causing spurious depression 
of the RS-T segment were most frequent in standard lead II, but uncommon in left ventricular 
surface leads. 

Of those with angina pectoris, 88 per cent developed characteristic ischemic changes in left 
ventricular surface leads or their equivalents (Table III): these consisted of a current of injury 
causing horizontal depression (Fig. 3) or sagging (Fig. 4) of the RS-T segment of 1 to 4 mm., a 
completely flat T wave, a diphasic T wave the first part of which was negative (Fig. 5), or actual 
inversion of the T wave (Fig. 6). Flat or sagging depression of the RS-T segment was by far the 
commonest change. Transient bundle branch block occurred in two, and extrasystoles in three 
cases. Inversion of the U wave (Palmer, 1948) developed in five cases, but was never the sole 
abnormality. 
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Fic. 5.—Case of angina pectoris showing a diphasic T wave in lead VS after effort. 


Angina pectoris was not produced by the work performed in as many as 30 cases; this was 
unexpected in view of the strenuous nature of the test. Despite the absence of pain, 26 of these 
30 developed typical ischemic tracings. In fact the incidence of positive tests was similar whether 
pain was present, slight, or absent (Table IV). 


TABLE IV 


RELATIONSHIP OF PosiTIVE TESTS TO PAIN 








No. of cases Test positive 
Pain typical us Be Mn 58 51 or 88% 
Slight pain .. ‘i ie Ae 12 11 or 91% 


No pain... a a ae 30 26 or 87% 

















368 WOOD, McGREGOR, MAGIDSON AND WHITTAKER 


Apart from inducing an attack of angina pectoris, to which the patient was accustomed, the 
test had no ill effect—not only in the present series, but also in a number of others who were 
rejected because their resting curves already showed slight ischemic changes. 


DISCUSSION 


Positive Results. The quality of the electrocardiographic changes that result from the effort 
test in cases of angina pectoris do not differ in any way from those previously described in spon- 
taneous attacks (Bousfield, 1918; Feil and Siegel, 1928: Parkinson and Bedford, 1931), or in 
attacks deliberately provoked (Wood ef al., 1931). We are concerned only with the value of the 
test in diagnosis. 

The conclusions of previous workers in this respect have differed so widely from one another 
and from us that some explanation is needed. For instance, Levan (1945) obtained positive 
curves in 78 per cent of 37 cases of angina, accepting 0-75 mm. depression of the RS-T segment in 
any lead as evidence of myocardial ischemia. Unterman and de Graff (1948), demanding | mm. 
depression of the S-T segment in any lead, and Grossman et al. (1949), accepting 0-75 mm. depres- 
sion in any limb lead and 1-5 mm. in any chest lead, obtained positive results in about half their 
anginal subjects. Evans and Bourne (1941) exercised their patients along a corridor, which 
included a short flight of stairs, and obtained depression of the S-T segment from 0-5 to 2 mm., 
diphasic T waves or inverted T waves in 8 out of 18 cases. Master et al. (1942), requiring more 
than 0-75 mm. S-T depression in any lead, recorded positive tests after standard effort in 39 per 
cent of cases. Riseman ef a/. (1940) and Sigler (1940) concluded that the test was of no diagnostic 
value. 

The criteria upon which a positive result has been based have also varied considerably. Most 
authors have agreed to accept flat T waves in left ventricular surface leads or their equivalents, 
and all have accepted diphasic or inverted T waves; but very few have agreed about the amount 
of depression of the S-T segment that distinguishes myocardial ischemia from the normal. Some, 
e.g. Scherf (1947), demand as much as 1-5 mm. in any lead; others, as mentioned above, only 
0:75 mm. Twiss and Sokolow (1942) require 1-0 mm. in lead I, 1-5 mm. in leads II or III, or 
2 mm. in lead IV; Mazer and Reisinger (1944) 0-75 mm. in leads I or III, 1-5 mm. in lead II, or 
1:75 mm. in lead CF4. Biorck (1946) demands a total depression of at least 2 mm. when the limb 
leads are summated. 

The chief criticism of much of such published work is that effort has been too often standardized 
(e.g. Master er a/., 1942), and that the difference between depression of the RS-T junction and flat 
or sagging depression of the RS-T segment has not been appreciated. It cannot be right to fix 
the amount of work to be performed, when patients with angina vary from almost complete in- 
capacity to a relatively high degree of effort tolerance. The maximum effort of which the individual 
is capable is the amount he should be encouraged to perform; in practice he is advised to stop if 
he develops pain, and is allowed to stop if obviously dyspneeic or exhausted. 

Depression of the RS—T junction is normal after effort if the RS-T segment then slopes rapidly 
upwards to an upright T peak, and there is no object in trying to distinguish between the normal 
and the ischemic in this respect by setting a limit to the amount of depression. The depressed 
RS-T segment that denotes myocardial ischemia is different in quality, being more or less flat or 
sagging: flat depression is unusual in controls, and rarely exceeds 0-25 mm., whilst sagging depres- 
sion is never seen. To guard against extrerge normal variation we set the minimum ischemic 

depression of the RS-T segment at | mm.; even so, the majority of positive curves are far more 

depressed than this. Nor do we stipulate the lead in which such depression is found, although we 
advise recording lead V5 as soon as possible; standard lead II is the least reliable in view of the 
frequency of strong auricular T waves in this lead. Completely flat, biphasic, or inverted T waves 
in left ventricular surface leads or their equivalents do not occur at all in controls. 

















The high proportion of positive results in our anginal 
series is particularly significant because of the care taken 
to exclude all cases showing slight ischemic depression of 
the RS-T segment at rest. Such cases invariably developed 
gross changes on effort (Fig. 7). Finally, there can be no 
doubt that a reliable direct-writing electrocardiograph is 
very helpful in selecting the most informative leads, and that 
frequent records should be taken until the cardiogram has 
resumed its normal pattern. 

Pain. We were surprised that a positive result was 
obtained as frequently in those who did not develop pain 
during the test as in those who did. This fact is not 
adequately explained by current theories concerning the 
mechanism of angina pectoris, nor is the repeated obser- 
vation that “ischemic” depression of the RS-T segment 
is usually exaggerated when the patient inhales amyl nitrite 
(Fig. 8), despite subsidence of pain when previously present. 
Of more practical importance, perhaps, is the obvious in- 
ference that it may be possible to detect latent angina 
pectoris by means of the effort test before attacks occur 
spontaneously. However, we have only twice succeeded in 
doing this, and there is no proof yet that we were right. 

Amongst our 100 controls were 33 cases of innocent left 
inframammary pain. Three of these developed pain during 
the effort test—of course with a normal electrocardiogram. 
The mere fact that pain does or does not occur during the 
test is therefore not good evidence in favour of or against 
angina pectoris. 
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Fic. 6.—Case of angina pectoris, show- 
ing a series of electrocardiographic 
changes in lead VS after effort. (A) 
and (B) Flat depression of the R-T 
segment. (C)and(E) Sagging depres- 
sion. (D) Inversion of the T wave. 
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Fic. 7.—Electrocardiogram in a case of angina pectoris, showing minimal ischemic depression of the 


S-T segment in lead VS at rest, and gross changes after effort. 
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FiG. 8.—Comparative effects of amyl nitrite (A) and trinitrin (B) on ischemic depression of the RS-T segment in 
two cases of angina pectoris. Both series of records are of lead VS. 


SUMMARY AND CONCLUSIONS 


A series of 100 cases of unequivocal angina pectoris, selected solely because their electrocardio- 
grams were normal at rest, and 100 normal controls were subjected to an effort test. 

The test consisted in principle of the maximum effort of which the subject was capable, but for 
practical reasons a ceiling was sometimes imposed. Anginal subjects rarely performed as much 
work as the controls, being pulled up earlier by pain, dyspnoea, or fatigue; nor were they often 
encouraged to climb as rapidly. 

Standard, unipolar limb, and multiple V chest leads were recorded before the test and imme- 
diately afterwards; the most revealing lead was then recorded at approximately half-minute 
intervals until the normal contour was resumed. 
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A direct writing electrocardiograph was used. This enabled the best lead to be selected with- 
out difficulty, and facilitated frequent and rapid checking of this vital point. 

Normal controls usually showed no change or depression of the RS-T junction, from which 
ihe RS-T segment sloped rapidly upwards to an upright T peak. Flat depression of the RS-T 
segment was sometimes seen during the recovery phase, but measured as much as 0-5 mm. in only 
six cases. One subject exhibited an obvious ischemic curve and could no longer be regarded as 
normal. Two others were doubtful. 

Of the 100 patients with angina, 88 per cent developed changes that were not seen in controls. 
hese consisted of flat or sagging depression of the RS-T segment from 1 to 4 mm. below the P-Q 
level, or of a completely flat, diphasic, or inverted T wave in left ventricular surface leads or their 
equivalents. 

When the heart rate after effort was at least 90 beats a minute, 95 per cent of 88 patients with 
angina developed diagnostic electrocardiographic changes; when the rate was less than 90, the 
test was positive in only five out of twelve patients. The importance of sufficient effort is therefore 
emphasized. 

Pain did not occur in approximately one-third of those who developed ischemic curves; again, 
the incidence of positive tests was similar whether pain was typical, slight, or absent. The inference 
that latent angina pectoris may be recognized by the effort test is obvious. 
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The diagnostic value of angiocardiography in patent ductus arteriosus has been said to depend 
on visualization of the small depression in the arch of the descending aorta, and on refilling of the 
pulmonary artery as described by Steinberg, Grishman, and Sussman in 1943. Since then, some 
doubt as to the value of this method has been raised; it is, therefore, a test of value to demonstrate 
the angiocardiographic signs: before operation and to note the changes following ligation of the 
ductus. 
























Case NOTES 


The patient was a girl, aged 5 years, who was undersized and mentally backward. There was 
no history of symptoms referable to the heart. 

On examination. Nocyanosis. Noclubbing. Pulse regular, rate 86. Apex beat just outside 
the mid-clavicular line. A long typical machinery murmur extending through systole and diastole, 
maximal in the pulmonary area. Blood pressure, 130/?. Peripheral pulses all easily palpable 
in arms and legs. No other abnormality on physical examination. 

Cardioscopy showed a full-sized heart with ample pulsation. No hilar dance was seen and no 
prominence in the conus region. The electrocardiogram showed left axis deviation only. 

Operation was performed by Mr. Mullard at Hillingdon Hospital. The ductus was found to be 
short and thick, about 4 mm. in width, and 5 mm. in length. No difficulty in dissection was found, 
and two thread ligatures were passed and tied; the ductus was not divided. The subsequent course 
was uneventful and there was no effusion or atelectasis. All cardiac murmurs disappeared. 

Angiocardiograms were taken six weeks before and five weeks after operation, and the appear- 
ances of these before and after ligation are compared. 


ANGIOCARDIOGRAMS BEFORE AND AFTER LIGATION 


Antero-posterior views. The appearances before ligation, taken 1-2 seconds after injection of 
20 ml. of 70 per cent diodone are shown in Fig. 1. There is filling of the right auricle and ventricle, 
the conus of the right ventricle, main pulmonary trunk and both left and right pulmonary arteries. 
The left pulmonary artery is seen as a rounded shadow superimposed and above that of the main 
trunk. Particular attention is drawn to the site and shape of this disc-shadow, which is unaltered 
after ligation of the ductus. 

In Fig. 2, taken at 4 seconds, the left auricle is filled. The shadow of the left pulmonary artery 
has almost disappeared. There is no gross enlargement of the left auricle. 

One second later, at 5 seconds, the left pulmonary artery is clearly visualized by a disc-like 
shadow appearing to the left of the vertebral column over the descending arch of the aorta (Fig. 3A), 
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Fic. 1.—Before ligation. At 1-2seconds. The right Fic. 2.—Before ligation. At 4 seconds. The left 
side of the heart is filled. Note the disc-like auricle, left ventricle and aorta are filled. The 
shadow (6) showing the origin of the left pul- shadow of the left pulmonary artery has almost 
monary artery. disappeared. 


Key to Diagrams 


1. Superior vena cava. 6. Left pulmonary artery. 
2. Right auricle. 7. Left auricie. 

3. Right ventricle. 8. Left ventricle. 

4. Main pulmonary artery. 9. Ascending aorta. 

5. Right pulmonary artery. 10. Descending aorta. 


though the rest of the right side of the heart and main pulmonary arteries are now clear. This 
disc-like shadow corresponds with the left pulmonary artery as shown in Fig. 1. 

In Fig. 3B the appearance after operation, at a corresponding time (5 seconds), is shown. The 
arch of the aorta is clearly seen and there is no suggestion of a return of the disc-like shadow in the 
region of the left pulmonary artery, although the left side of the heart is even better filled. The 
recurrence of this shadow in Fig. 3A and its absence in Fig. 3B, a corresponding film taken after 
the ductus has been ligated, shows that it is due to refilling of the left pulmonary artery via a patent 
ductus arteriosus. 

Good visualization of left ventricle and aortic arch was observed in several films over some 
seconds until the aorta emptied, and there was no return of the disc-like shadow as seen before 
ligation. 

Left Anterior (or Right Posterior) Oblique Views. In Fig. 4A, taken at 5 seconds, before opera- 
tion, a small eminence of the inner portion of the curve of the arch of the descending aorta is seen 
with plentiful filling of the pulmonary vessels around, which tend to obscure it. At operation this 
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Fic. 3.—(A) Before operation. AtSseconds. The left ventricle and aorta are filled. The disc of the left pulmonary 
artery (6) appears clearly refilled from the aorta. (B) After operation. AtSseconds. There is no reappearance 
of the disc-shaped opacity of the left pulmonary artery at this time as seen before ligation. 


eminence or small bulge was clearly demonstrated. After ligation it is seen that this bulge has 
enlarged (Fig. 4B) and the plentiful opacities of the refilled branches of the left pulmonary artery 
have disappeared, so displaying the bulge more clearly. 


DISCUSSION 

Angiocardiographic diagnosis of patent ductus arteriosus has in the past consisted of visualiza- 
tion of the main pulmonary artery by refilling from the aorta (Steinberg et a/., 1943; and Chavez et al., 
1947) and the demonstration of a small saucer-shaped dilatation of the aorta at the site of the 
ductus (Steinberg et a/., 1943). Doubt has recently been cast on the value of both these features 
by the assertion that the site of the arteriovenous shunt refilling the pulmonary artery might be 
elsewhere than via the ductus, e.g. through a high ventricular septal defect. 

It appeared desirable, therefore, to assess the value of angiocardiographic signs by comparing 
appearances before and after ligation of the patent ductus, as demonstrated here; and the following 
points regarding angiocardiographic diagnosis emerge. 

(1) The sequence of early filling of the left pulmonary artery, followed by emptying, and then 
refilling at a time when the left ventricle and aorta are filled with opaque medium, presents proof 
of a communication between aorta and left pulmonary artery which is almost certainly due to a 


patent ductus arteriosus. This sign has disappeared after ligation, thus proving its relation to 
patency of the ductus in this instance. 
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Fic. 4.—Left anterior (or right posterior) oblique views. At 5 seconds. (A) Before operation. Left ventricle and 
aorta well filled. There is a slight prominence on the anterior surface of the descending arch of the aorta in the 
region of the ductus, A. Pumonary vessels are well filled. (B) After operation. The aneurysmal dilatation in 
the region of the ductus, A, is increased. The pulmonary field is less obscured by opacified pulmonary vessels. 


(2) This sequence can only be shown if the bolus technique is used, i.e. a small quantity, 20 ml. 
of diodone rapidly injected so that the right side of the heart is emptied before the left is filled. 

(3) The saucer-shaped dilatation of the aorta at the site of the patent ductus is very suggestive, 
but evidently does not supply diagnostic proof of patency of the ductus, since it was larger and 
more clearly demonstrated after ligation. Such enlargement has been visualized in 75 per cent 
of the cases with patent ductus. 

The prognosis of the aneurysmal enlargement of the aorta in the region of the ductus after 
operation deserves consideration. Does this enlarge further? That an aneurysm may form after 
operation and rupture into a bronchus is shown by two post-ligation cases reported by Jones (1947), 
in which severe hemoptyses took place. In one a shadow was seen to appear radiologically in the 
region of the ductus; in the other exploration two years later showed a 2-ml. cavity in the lung 
which connected with an open bronchus. Further, that hemoptysis occurs with an aneurysm of 
ihe patent portion of an incompletely closed ductus is exemplified by the case of Hebb (1893) 
‘he aneurysm was the size of a walnut and abutted on but did not erode the left bronchus. 

There is evidence, therefore, that after ligation of a patent ductus, aneurysmal enlargement at 

1e aortic end may occur. This may encroach on the left bronchus producing hemoptysis. 


SUMMARY 


The angiocardiographic appearances before and after ligation of a patent ductus arteriosus are 
compared. Emphasis is laid on the disc-like re-appearance of the left pulmonary artery as a 
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diagnostic sign, which is obtained more clearly if a small quantity of diodone is used as in 
** bolus ” technique. 

The saucer-shaped enlargement of the aorta in the region of the ductus, though very suggest 
of a ductus arteriosus, does not prove patency. 


It is a pleasure to acknowledge the help received from Dr. J. A. Brocklebank and Mr. A. Collis of the X- 
Department, Ashford Hospital, in performing these angiocardiograms. 
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An earlier paper, reporting 3 successful cases (Brock, 1948), showed the feasibility of valvulotomy 
for the relief of pulmonary valvular stenosis. The present paper deals with our clinical and opera- 
tive experience in 33 cases—a number large enough to allow certain conclusions to be drawn. 

Of the 33 patients submitted to operation, 18 had pure pulmonary stenosis, by which we mean 
pulmonary valvular stenosis with a closed interventricular septum, regardless of the patency or 
potential patency of the foramen ovale, and in 7 this was confirmed by necropsy (see Table 1); all 
but 3 probably had a patent foramen ovale and in 6 this was proved by necropsy. In the other 15 
(see Table II) valvular stenosis was thought to be part of a Fallot’s tetralogy and in 3 this was 
confirmed by necropsy. 

Increasing experience in the diagnosis and surgical treatment of pulmonary stenosis has led us 
from a grave mortality of just over 50 per cent in the first 11 patients, most of whom were unlikely 
to live long as they had very large hearts and often congestive failure, to a mortality of 18 per cent in 
the remaining 22, these including many younger patients in whom the stenosis had not yet caused 
such serious changes. 


PURE PULMONARY VALVULAR STENOSIS 


The clinical and pathological features of pulmonary stenosis with a closed ventricular septum 
have recently been presented by Allanby and Campbell (1949) and also by Selzer, ef ai. 
(1949), but as the former dealt mainly with cases where the diagnosis was proved post-mortem, 
something more must be said about the less advanced cases. Pure pulmonary stenosis is nearly 
always valvular and may lead to very varying effects, according to its severity and to the sealing 
or potential patency of the foramen ovale. At first the symptoms may be slight and the patient 
will develop normally, so that attention may only be drawn to the heart by the finding of physical 
signs. 

There are four main possibilities. (1) The stenosis may not be severe and the patient may be 
only slightly limited on exertion; he may lead an active life and reach a good age without developing 
cyanosis. It may then be difficult, if not impossible, to tell during life if the foramen ovale is sealed 
or not; several patients in this series were acyanotic in childhood and appeared to belong to this 

‘oup, but later became cyanotic, see (3); others, e.g. Case G.G. (Allanby and Campbell, 1949) 
«ho lived for 57 years, remain in this group through life. Many others have been seen who are 
present in this group and in some of them the diagnosis has been confirmed by cardiac catheteri- 
ition (see Table V); and Dow et al. (1950) described eight such patients where the symptoms were 
nly slight. 

(2) The stenosis may be more severe with a foramen ovale that is anatomically sealed. Here 
1e pressure will rise on the right side of the heart, and with no alternative route for the blood the 
ght ventricle will hypertrophy greatly in trying to overcome the obstruction; but no right to left 
hunt can develop and there will be no central cyanosis, though later some peripheral cyanosis may 
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TABLE I 





CASES OF PURE PULMONARY VALVULAR STENOSIS WHO HAVE HAD PULMONARY VALVULOTOMY (18 cases).* 
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With Defect of the Atrial Septum (P.F.O.) 
PO3I+ 4t 4 7 (20) yr. 0 N 3 109 5°5 9] 
H117+ 4t 3 18 yr. 4 N L 157 9-4 77 
0207+ 4t 3 18 yr. 3 N LE 120 78 69 
0124+ 4t 2 1 (10) yr. 4 N E 116 9-2 73 
0041 4t 4 4 yr. 3 N I 158 8-6 52 
G.H. 4t 4 B (12-18 yr.) 4 N 3 135 7:3 - 
H115 2 3 17 mo. 4 S E, 138 7:0 6s 
With Both Septa Closed 
P212 3 0 — 0 N 94 8 . 
ce. 3 0 -— 0 N 88 0 96 
P247 0 a 0 N 85 6 97 
With extreme rotation and other complications 
0212 B 4 (S) 124 73 
* The 7 cases operated on in America have not been included in the Table. 
+ These cases have been fully reported by Allanby and Campbell (1949). 
t In all these patients the disability had been less—sometimes much less. 
§ Where a second figure is given in brackets it indicates the age at which cyanosis became worse. 
TABLE II 
CASES OF FALLOT’S TETRALOGY WITH VALVULAR STENOSIS WHO HAVE HAD PULMONARY VALVULOTOMY 
(15 cases) 
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0071 3 3 2 yr. 3 S R 121 6-0 84 
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0290 3 2 5 yr. I S é. 94 5-9 88 
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omplicate the picture. Right ventricular failure is a serious danger. Case 8 is a good example, 
is a very large heart (Fig. 1) and severe disability and failure had developed by the age of 9 years. 


Case 27 (probably) and Case 30 (almost certainly) are other examples at a much earlier stage, with 


he heart size still normal (Fig. 2). 

(3) The pulmonary stenosis may be or may become severe and the foramen ovale may not be 
ealed, so that as the obstruction raises the pressure on the right side, a right to left interatrial shunt 
levelops. This may occur only after some years, especially in early adult life and then a patient 
who has been acyanotic and relatively fit becomes more disabled and cyanotic; in such cases the 





Fic. 1.—Teleradiogram from Case 8 with pure pul- Fic. 2.—Teleradiogram from Case 30, with pure 
monary stenosis, showing a very large heart (c.t.r. pulmonary stenosis, showing a heart that is not 
70, m.t.d. 15/21 cm.) that had developed by the enlarged (c.t.r. 41, m.t.d. 8°8/21-8), where few 
age of 9 years. There is extreme oligoemia of the symptoms had developed although the pressure 
lung fields. in the right ventricle was extremely high. In 


spite of the unusual dilatation of the pulmonary 
trunk and left pulmonary artery, the lung fields 
are oligemic. 


subsequent deterioration is generally rapid, the heart may increase in size rapidly (Fig. 3) and right- 
sided congestive heart failure may follow quickly. Cases 1, 5, and 7 are good examples. 

(4) The stenosis may be so severe that the right to left shunt develops early and then the patients 
ire cyanotic from infancy and resemble those with Fallot’s tetralogy. Cases 22 and 23 are good 
>xamples. 

Cases 9, 11, and 19 are border-line between this and the preceding group, as though there was some 
yanosis from infancy it became much worse in the late teens, with increasing disability. Case 23 (and Case 9) 
vere, in fact, diagnosed Fallot’s tetralogy and the correct diagnosis was made by cardiac catheterization. 

Case 22 is included here but the full diagnosis is uncertain. A general picture like Fallot’s tetralogy 
vith left ventricular preponderance in the electrocardiogram and left ventricular hypertrophy on radioscopy 
ed to a confident diagnosis of tricuspid atresia. Catheterization did not exclude this as there was a double 
uperior vena cava and a defect of the atrial septum and the right ventricle was not entered, but angiocardio- 
sraphy suggested pulmonary stenosis. At operation there was no doubt about the presence of a large 
ight ventricle and pulmonary valvular stenosis with extreme rotation of the heart, or about her improve- 
nent as a result of the pulmonary valvulotomy, but we do not feel sure of what other abnormalities may be 
resent, especially as she had a right-sided aortic arch which has not been found with any proved case of 
dure pulmonary stenosis. 
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Fic. 3.—Rapid increase in size of the heart in pure pulmonary stenosis. In 11 months the cardiothoracic ratio had 
increased from 58-5 (12/20-5) to 63-5 (13-25/20-75), when the patient was becoming much worse and the cyanosis 
extreme. Death occurred during the induction of anesthesia, and earlier operation might have been much less 
dangerous. The lung fields are very oligemic with poorly developed pulmonary arteries. Case 11. 
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Fic. 4.—Standard and unipolar leads from Case 11, with pure pulmonary stenosis and gross right ventricular hyper- 
trophy, confirmed post-mortem. A large R wave with T inversion persists across to V5. There is notching 
and widening of QRS. The P wave is very large and pointed in leads II and VF, and inverted in VR. 
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The seven cases operated on at Baltimore (Cases 12-18) have not been included in Tables I and II as 
hey are only considered here from the operative point of view. All were thought to have pure pulmonary 
tenosis. All were thought, after catheterization or angiocardiography, to have a defect of the atrial septum, 
nost likely a patent foramen ovale; though in Case 16 the right to left shunt may only have been present 
fter angiocardiography as the arterial O, was 94 per cent and he was the only patient who was not cyanotic. 

Most of these cases belong to groups 3 and 4 because so far it is mainly the cyanotic patients who 
ave been submitted to operation. The proportion in the different groups here are not repre- 
entative and, indeed, the acyanotic cases are much more common than would be judged from 
hese figures. 

The cyanotic cases bear a general resemblance to those with Fallot’s tetralogy, but the cyanosis 
nay haye started later and the polycythemia and clubbing of the fingers may be less than expected 


for the degree of cyanosis, because this is of more recent onset and may be partly peripheral. 


Peripheral cyanosis forms a more prominent part of the later clinical picture because the greatly 
reduced cardiac output leads to a low oxygen saturation in the venous blood. 

The systolic murmur and thrill in the pulmonary area aie generally more obvious than in 
Fallot’s tetralogy and their maximum site tends to be rather cher. As the condition worsens 
and the pulmonary blood flow decreases they may become less vovious. Right-sided heart failure 
is increasingly the danger. This may be entirely due to the condition of the heart muscle but some- 
times it is precipitated by the stenosis becoming worse from added inflammation or from progressive 
fibrosis caused by the stress. 
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1G. 5.—Standard and unipolar leads from Case 30 with pure pulmonary stenosis. Although the patient had little 
disability or enlargement of the heart, there is a large R without S in V1 and V2 and R is larger or equal to S in 
V3 to V5; deep T inversion persists from V1 to V6, though it is becoming less in VS and V6. Standardization 
of VI-V6, 1 MV=0°5 cm. 
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A history of squatting or the presence of a right-sided aortic arch is rare. We have not seer 
either of these in any proved instance, though Case 23, who probably had pure pulmonary stenosis 
squatted at times (she may have learnt it in a home where several children squatted) and Case 22 
a very unusual example in other ways, had a right-sided aortic arch. 

The electrocardiogram of pure pulmonary stenosis. Right ventricular preponderance and th« 
large pointed P II in the electrocardiogram are even more striking than in Fallot’s tetralogy. 1 
the standard leads T III and T II are more often inverted and in the unipolar chest leads larg: 
R waves with deep T inversion may spread across from V | to V 5 or even V 6. The absence o} 





Fic. 6.—Standard and unipolar leads from Case 0328 with pure pulmonary stenosis. The gross right axis deviation 
with T Il and T III inversion is the pattern suggestive of pure pulmonary stenosis. A very large R wave with T 
inversion persists from VI to V4 with a sudden transition to S and an upright T in V5 and V6. Standardization 
of V1 to V6, IMV=0-5 cm. 


these features does not of course exclude pure pulmonary stenosis because they take time to develop. 
In Case 8 (Fig. 11, Allanby and Campbell, 1949) and in Case 11 (Fig. 4) these changes are well 
seen in patients with large hearts and much disability; they are nearly as obvious in Case 30 (Fig. 5), 
where there was no cyanosis or cardiac enlargement, but a very high pressure in the right ventricle. 
Fig. 6 is similar, but with a sudden transition point between V 4 and V 5. Sometimes at an earlier 
stage of the disease these changes are much less. In Fig. 7 they are present only in V | and 
V 2 and in Case 0091 they were not very striking even in V 1: both these patients showed more 
disability than Case 30, and the pressure in the right ventricle was high, though not as high 
(see Table VI). 
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FiG. 7.—Standard and unipolar leads from Case P206 with pure pulmonary stenosis. Although relatively little 
disabled and just able to play cricket, there is right ventricular preponderance with deep T inversion in 
leads II, VR, Vl,and V2. The large R pattern with T inversion does not pass nearly as far to the left as in some 
other cases. 


THE DIAGNOSIS OF PULMONARY VALVULAR STENOSIS 


The diagnosis of pure pulmonary stenosis has often been overlooked in the past or it has been 
confused with Fallot’s tetralogy, but this error is less likely to be made to-day by cardiologists 
experienced in congenital malformations of the heart, especially when facilities are available for 
cardiac |catheterization and angiocardiography. The interatrial shunt with pure pulmonary 
stenosis can usually be differentiated from the right to left shunt in Fallot’s tetralogy through the 
interventricular septal defect and over-riding aorta, both by the clinical picture and by angiocardio- 
graphy. | 

Pulmonary valvular stenosis in Fallot’s tetralogy. The recognition of valvular stenosis when it 
isa part of Fallot’s tetralogy is more difficult. The systolic murmur and thrill in the pulmonary 
irea are| often more obvious than in the average case of Fallot’s tetralogy and are likely to be 
maximal in the second rather than the third intercostal space. Much disability relative to the 
legree of cyanosis suggests that the pulmonary stenosis is of greater import than the over-riding 
\orta and we think this happens rather more often with valvular stenosis. At an early stage 
many of} these patients were labelled as Fallot’s tetralogy with special emphasis on the pulmonary 
tenosis,| but this also applied to some cases of pure pulmonary stenosis. Squatting and the right- 
sided aoftic arch are just as common as in other cases of Fallot’s tetralogy. 

Radiglogy and Angiocardiography. Some features of the angiocardiograms have been discussed 
»y Campbell and Hills (1950), especially the slow emptying of the heart, and the aorta filling less 
juickly an in Fallot’s tetralogy. The most important single sign of pulmonary valvular stenosis 
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is the demonstration, both by plain radiography (Fig. 2, 3, and 9) and by angiocardiography (Fig. ‘ 
and 18) of post-stenotic dilatation of the pulmonary trunk with delay in emptying of the contras 
medium. This feature, common in pure pulmonary stenosis, is unfortunately not so common i: 
Fallot’s tetralogy, because the pulmonary trunk is often smaller and the over-riding aorta carrie 
away more of the contrast medium. It may be easier to demonstrate an infundibular stenosis anc 
thus exclude a valvular obstruction (except when the two co-exist, as they sometimes do) than t 
make a positive diagnosis. Valvular stenosis in Fallot’s tetralogy is commoner than is ofte: 





Fic. 8—Angiocardiogram at 6 sec. from Case 8 showing the U shape of the right side of the heart: the dense shadow 
at the upper part of the limb indicates the dilated pulmonary trunk beyond the valvular stenosis. There is still 
very little filling of the lungs. 


supposed and it is a fair working rule to suspect its presence whenever an infundibular stenosis 
cannot be shown by angiocardiography. 

Diagnosis at operation. Often the final diagnosis can be made only at operation, and it is essential 
to open the pericardium to make a proper external examination of the heart (Brock, 1948). The 
differentiation between a valvular and a high infundibular obstruction may still be difficult, and 
sometimes may be possible only at cardiotomy or even at necropsy. 

If the policy of direct operation on the pulmonary obstruction is to be implemented as often as 
possible, the obstruction must be exposed and its nature assessed, for this may disclose an unsus- 
pected valvular stenosis in Fallot’s tetralogy. If systemic-pulmonary anastomosis is performed, 
as a routine and without proper inspection of the heart, much valuable clinical information is over- 
looked, especially when a right-sided thoracotomy is used. 
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releradiogram from Case 4, showing a very raised apex of the heart from enlargement of the right ventricle, 
Hilatation of the pulmonary trunk and first part of the left pulmonary artery beyond the stenosis. The 
tion does not extend to the branches. 
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advantages or otherwise of valvulotomy as opposed to a systemic-pulmonary anastomosis 
*s tetralogy with a valvular obstruction have been discussed (Brock, 1949). Whatever the 
r demerits of each method may be in Fallot’s tetralogy, there can be no question of the 
bes of valvulotomy for pure pulmonary stenosis. A systemic-pulmonary anastomosis not 
s to relieve the burden on the right ventricle but throws some extra work on the left ventricle. 
h it relieves the cyanosis it introduced some risk, sooner or later, of heart failure. Con- 
ailure may appear within a few days of operation in unsuitable cases and can only be cor- 


rected iff the valvular obstruction is divided and the systemic-pulmonary anastomosis undone (see 


p. 397). 


There can be no question that the right treatment for pure pulmonary stenosis is valvu- 





lotomy and a correct diagnosis is therefore important. 
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The danger of operation. The serious prognosis of many cases with pulmonary stenosis has 
been described. We have learned to our cost that the risk of sudden death is the most grave 
danger to successful operation. 

Cardiotomy and valvulotomy is, in contemplation, a somewhat alarming procedure but by the 
technique we have been able to evolve is not necessarily difficult; its hazards lie chiefly in this in- 
herent liability to sudden cardiac failure or cardiac arrest. Moreover, our experience shows that 
this risk is very great in those older patients in the late teens or twenties who have become severely 
disabled and have a very large heart: the operative mortality is alarmingly high and it is important 
to select patients for operation before this stage has been reached. The risk is much less in younger 
patients with smaller hearts in whom cyanosis is slight or absent and the disability not so severe. 
Operation is then relatively safe and probably offers long years of increased activity. 

The liability to sudden collapse or death is not confined to pure pulmonary stenosis but is also 
seen in Fallot’s tetralogy with a valvular stenosis, and this has often been observed at operation. 
In seeking an explanation the most likely immediate cause is failure of the coronary circulation. 
The cardiac output is liable to be very small and if for any reason it is further reduced, the coronary 
circulation will suffer. Once this occurs a vicious circle is set up; the myocardial efficiency is 
impaired, output falls still further, and unless the collapse is checked death is inevitable. We know 
that the appearance of any deterioration in the patient’s condition during operation for valvulotomy 
is an urgent indication to proceed at once to division of the valve; only in this way can the strain 
on the heart be relieved and the rapid downward spiral checked. This is supported by the two 
following cases. 

Case 9, aged 22, had become worse at 18 years, since when he could walk no more than 50 yards. 
Pulmonary valvular stenosis with a patent foramen ovale was diagnosed, after catheterization. 

The former diagnosis was confirmed as soon as the heart was exposed. Soon after the pericardium was 
opened the blood pressure, which had been 100 mm., fell rapidly. All interference was stopped and the 
lungs were fully inflated, but the heart’s action became so feeble that cardiac massage was begun and intra- 
venous adrenalin given. Massage was maintained for some 15 minutes, when it became clear that the 
heart could not recover with this alone; the two ventricles seemed dissociated, the left contracting rapidly 
with moderate power, but the right ineffectively with only fibrillary twitching. 

Valvulotomy to relieve the right ventricle seemed the only hope, though it was no easy decision to 
operate on a dying heart. Earlier experiences had, however, forced us to the conclusion that this would 
be necessary in such cases, although natural reluctance made us first attempt other means of resuscitation. 
The valve was divided: adrenalin was injected and massage resumed. The heart’s action, which had virtually 
ceased, soon improved and the carotid pulse could be felt. Eventually, after further adrenalin a powerful 
and regular heart action was restored. At the end of the operation the blood pressure was 85 mm. and 
the colour was good. The circulation was well maintained but consciousness was not fully recovered; the 
temperature rose to 107° F. and other signs of cerebral anoxic damage appeared and death occurred 12 hours 
after operation. 

This illustrates the need for immediate valvulotomy if the heart shows signs of distress; if the 
valve had been divided at once, complete recovery would probably have occurred. Although more 
than 20 minutes had elapsed before the valve was divided, it was possible to restore the heart’s action, 
but unfortunately too late. 

Case 23, a girl, aged 11, could at one time walk a mile but her limit steadily diminished until she could 
manage only 40 yards. A diagnosis of pulmonary valvular stenosis with a patent foramen ovale was 
confirmed by cardiac catheterization. At operation, although procaine solution had been given by intra- 
venous drip and had been applied locally to the heart, it became unduly irritable and developed runs of 
three extrasystoles as soon as the pericardium was opened. In spite of more procaine and a pause, the 
heart began to show obvious distress and the blood pressure fell to 50: at the same time, Dr. Reynolds, who 
had been watching the continuous electrocardiographic tracing, called out that signs of coronary insufficiency 
had appeared (Fig. 10). It was decided that valvulotomy must be done at once and it was performed 
forthwith without difficulty. The heart’s action at once began to improve and within a few minutes the 
blood pressure had risen to 75 mm. and the tracing steadily returned to normal. The patient made a good 
recovery. The final result is excellent, the arterial oxygen saturation having risen from 68 to 88 per cent. 

The events in this last case and the evidence of coronary insufficiency just when the heart was 
noted to be showing signs of grave distress support the view that the final determining factor is 
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the failure of the coronary circulation. There can be little doubt that if immediate valvulotomy 
had not been performed, this patient would have died on the table. 

The tendency for these cases to die suddenly emerges from our operative experience. We 
know now that it was almost impossible to avoid some of the earlier fatalities however careful 
1 technique had been used. With our present technique and our awareness of the need for prompt 
action when there are signs of the heart failing, we might have avoided some of the other deaths. 

A bare perusal of the figures suggests that pulmonary valvulotomy is a dangerous procedure 
with a high mortality: with proper selection of cases and improved technique in cardiotomy and 
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Fic. 10.—Electrocardiograms (lead III) from Case 23 during the operation of valvulotomy. In (A) 20 minutes 
earlier, these are three fairly normal beats, though T I was smaller and T III less inverted than at the start. In 
the continuous tracing (B) and (C), taken when controlling sutures were being put in the right ventricle, there is 
increased S-T depression and runs of ventricular extrasystoles—changes that became less ten minutes later when 
the punch had been used; they had almost disappeared when the operation was completed. 


valvulotomy it should be much lower and the results good. This has been the experience in the 
development of most major operations, and so in the evolution of pulmonary valvulotomy we have 
to report a high overall mortality that will, we believe, become much lower now that so much 
valuable experience has been gained. 


THE TECHNIQUE OF CARDIOTOMY FOR PULMONARY VALVULOTOMY 


Although this paper is not primarily concerned with the surgical aspects of pulmonary valvu- 
lotomy but rather with the results of the operation, the technique used must be described simply 
in so far as it has a bearing. The use of procaine solution, both intravenously and locally, to 
control tachycardia and arrhythmia and in general to reduce the irritability of the heart is essential 
to the safe conduct of these operations. 

In our earlier cases we did not use intravenous procaine solution as a routine, but reserved it 
for injection as occasions arose, either intravenously or into the left atrium. Our present practice 
is to start an intravenous drip of 0-4 per cent procaine in glucose at the beginning of the operation 
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and to continue if there is tachycardia or any form of cardiac irritability. In addition, we use 4 per 
cent procaine solution for application within the pericardium and to the surface of the heart, and 
0-5 per cent solution for injection into the ventricular muscle. At first we used a 5 per cent 
solution for local application but have found that it produces local irritation as shown by intense 
hyperemia; the 4 per cent solution does not do this. 

A curved inframammary incision is now used with detachment of the pectoral muscles from 
their origin; the high transverse incision cutting across these muscles has been abandoned. The 
chest is opened through the third intercostal space with division of the third and fourth costal 
cartilages. As soon as the pericardium is exposed a small hole is made into it and 6 ml. of 4 per 
cent procaine solution are injected into the pericardial sac. If this is done at once the procaine 
solution will have been in the pericardium for some 5-10 minutes by the time the chest is fully 
open and all is prepared for cardiotomy. It is better not to open the pericardium until the solution 
has been in for at least five minutes. 

The pericardium is opened by a long incision just in front of the phrenic nerve, and then by 
forward extensions from the top and bottom a large flap is made, hinged medially. If the heart 
shows any undue irritability it is as well to pause while more intravenous procaine is given. A 
swab moistened with 4 per cent procaine is also applied to the anterior surface of the right ventricle. 
Any undue traction upon or rotation of the heart must be avoided, as this is especially likely to 
cause signs of distress. During all these manipulations the systemic blood pressure should be 
frequently recorded and the surgeon informed at once of any change. Tachycardia is especially 
important, and if it persists a pause must be made to enable the heart to settle and more procaine 
solution to be given. The anesthetist must ensure adequate aeration of the lungs and must not 
allow deflation. 

About 10 ml. of 0-5 per cent procaine solution are now injected into the exposed surface of the 
right venticle at the site of proposed cardiotomy. It is desirable to make frequent short pauses 
after each of these steps to allow the heart to settle and to prevent any summation of effect by too 
rapid and continued stimulation, remembering always that if the heart begins to show signs of 
distress and the blood pressure falls, it is better to proceed at once to valvulotomy. 

The technique of the actual cardiotomy has been greatly simplified through experience. We 
have abandoned the use of two rows of interlocking mattress sutures, which are neither necessary 
nor desirable; they may indeed be harmful, especially if they are pulled on too vigorously by an 
assistant. It is possible to dispense entirely with controlling sutures but we prefer in most cases 
to use two stay sutures placed one on each side of the proposed site of incision into the heart. 
These are left quite slack and are used solely to alter slightly the position of the heart if it is necessary 
to do so; they may be likened to reins guiding the heart. They are not used to control bleeding: 
this is all done by simple pressure with the pulp of the index finger. 

An incision is made into but not completely through the wall of the ventricle; the final entry into 
the heart is made with a special curved probe, 4 mm. in diameter, which is at once passed to confirm 
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Fic. 11.—Curved and shouldered probe that is passed to confirm the level of the obstruction. This forms part of a 
graded set with those shown in Fig. 12 and 13. 


the presence of the valvular obstruction and to make the first increase of passage into the pulmonary 
artery. A shouldered probe may be passed to confirm the obstruction at the valve level (Fig. 11). 
A special curved valvulotome is now inserted and the valve is divided instantaneously (Fig. 12C); 
as the instrument is withdrawn the index finger of the left hand controls bleeding, which should be 
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slight. It is as well to pause for a short time before the incision in the valve is enlarged by a series 
of graded bougies (Fig. 12B) ; and finally by a special dilating instrument that splits the valve com- 
pletely across transversely (Fig. 13). It must be emphasized that the diaphragm formed by the 
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Fic. 12.—(A) A curved probe that is used to enter the heart, to identify the route into the pulmonary artery, and to 
make the first passage through the stenosed valve. (B) A curved bougie, one of a set of various sizes (0-7 cm., 
1-:0cm., 1:25 cm.); it is hollow and fenestrated and has a terminal opening so that the circulation is not completely 
arrested when it is passed through the valvular stenosis. The bougie portion screws off from the handle so that 
it can be washed after use. (C) A valvulotome, one of a set of various sizes (0-7 cm., 1:0 cm., 1-25 cm.); the 
probe engages readily in the central aperture of the valvular stenosis and very slight pressure causes the two 
advanced cutting edges to sever the valve on each side; the receding edges are blunt and allow a smooth, safe 
withdrawal. 











FiG. 13.—This is a dilating instrument, 0-7 cm. in diameter, that is inserted after the valvulotome has been used. 
When it is opened the valve can be felt to split across; it opens to a diameter of 25cm. Its construction allows 
wide and powerful dilatation of the valvular stenosis without causing bleeding from opening or splitting of the 
incision in the heart wall, as happens if a hinged instrument is used. 
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stenosed valve is merely cut across transversely so that two wide cusps are formed that allow the 
valve to remain competent. No part is excised as this might allow a serious regurgitation to occur. 
The incision in the ventricle is closed by interrupted silk sutures; usually no more than threc 
stitches are needed. The pericardial flap is sewn into place with interrupted sutures but the sac 
is not completely closed so that tamponade is avoided. The chest is always drained for 18-24 hours. 


THE DEATHS AFTER OPERATION 


Some details of the 10 deaths are given in Table III; 3 of these occurred before valvulotomy 
was done, usually soon after the chest was opened. They are really deaths from anesthesia (Case 
11) or from thoracotomy (Cases | and 8), and illustrate the inherent gravity of any operation in 
the presence of severe pulmonary valvular stenosis. For example, Case 11 had become much 
worse in the previous two years and a few days before operation went unconscious and was thought 
to be dying. Case | had gross congestive failure and Case 8 had a large pulsating liver: both had 
a very large heart (see Fig. 1). We know now that such patients are very liable to develop an arrhy- 
thmia and to die suddenly. Procaine solution was not used as freely as it would be now, and in 
Case 8, as soon as the pericardium was opened and the heart touched with a needle for intramusculai 
injection of procaine solution, ventricular fibrillation started and soon proved fatal. In a fourth 
(Case 9) death would have occurred in the same way had not valvulotomy been performed in an 
attempt to resuscitate the heart, an attempt that proved successful for several hours (see p. 386). 
These four patients would have died in similar circumstances whatever type of operation had been 
contemplated. 

TABLE III 
ANALYSIS OF 10 FATAL CASES 








Case No. 
— Age Diag- in Allanby — : ' ; Valvulo- 
Case and sex | nosis* & Campbell Time of death Cause of death tomy done 
(1949) 
I F22 PVS Case 3+ Soon after chest opened Cardiac arrest No 
= F29 PVS Case 4+ Six hours later Hzmothorax Yes 
6 F23 FT Towards end of operation Cardiac arrest Yes 
8 F9 PVS Case It Soon after chest opened Ventricular fibrillation No 
9 M20 PVS Case 6+ Twelve hours later Cerebral anoxia Yes after 
collapse 
11 Fil PVS During induction of anesthesia Cardiac arrest No 
12 M14 PVS Towards end of operation Cardiac arrest Yes 
19 F20 PVS Ten days later Myocardial infarction Yes 
21 F7 FT One hour later Cardiac arrest Yes 
28 F24 FT Eleven hours later Cerebral anoxia. Low Yes 


blood pressure 





* PVS=Pure pulmonary valvular stenosis : FT=Fallot’s tetralogy with valvular stenosis. 
. Mi The clinical features and pathological anatomy of these cases have been fully reported, by Allanby and Camp- 
ell (1949). 
t Aorta arising mainly from right ventricle. 


Short notes of the points of interest in the remaining 6 cases follow. 


Case 5, a woman, aged 27, had lost much ground in the preceding year, with congestive heart failure 
and an attack of unconsciousness. She was in good condition after operation but died some 6 hours later 
and was found to have a large hemothorax. This was before we had learned the need for draining the 
pleura in every case to guard against this risk. However carefully hemostasis is observed, these severely 
cyanotic patients may bleed into the chest after any thoracic operation and die suddenly unless blood can 
drain away freely: the drainage of blood also reveals the need for its replacement. 

Case 6, a woman, aged 24, with Fallot’s tetralogy, had lost much ground in the year before operation. 
The valvular obstruction was severe with extensive calcification that occupied more than half of the valve 
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and extended out to the arterial wall. The myocardium in such late cases has generally suffered and seems 
unable to stand the strain of cardiotomy and the secondary mechanical adjustments that are needed when 
he valve is divided. 

Case 12, is discussed later (see p. 397). 

Case 19, a girl, aged 20, who was deeply cyanosed was greatly improved at once after the pulmonary 
obstruction had been relieved, and was apparently doing well until suddenly on the tenth day she collapsed 
ind died in an hour or two of pulmonary cedema. Necropsy revealed two areas of myocardial infarction in 
the right and one in the left ventricle; both were some distance from the incision in the heart wall. 

Case 21, a girl, aged 7, had Fallot’s tetralogy; valvulotomy was followed by a period of about 10 minutes 
anxiety during which the cardiogram suggested coronary insufficiency. Her condition appeared all right 
when she left the theatre but she died suddenly about 15 minutes later. At necropsy the severe valvular 
stenosis was confirmed and also the interventricular septal defect: the aorta arose, however, almost entirely 
from the right ventricle, the over-riding being fully nine-tenths. Such cases are always dangerous operative 
risks. 

Case 28, a girl, aged 23, with Fallot’s tetralogy, had deteriorated greatly during the last year, the distance 
she could walk having shortened from a mile to 100 yards. At operation the valve was split and the pressure 
in the pulmonary artery raised satisfactorily with the development of a strong thrill. Her condition after- 
wards was only fair ; the blood pressure remained at about 70 ; and though no focal neurological signs 
developed she did not regain consciousness and died in about six hours. At necropsy the diagnosis of 
valvular stenosis was confirmed and the splitting of the valve seemed adequate had she recovered. 


In 7 of the 10 fatal cases and in at least 3 of the successful cases, the immediate outlook was 
extremely bad and it is clear that the surgeon was being asked to perform a very difficult task in 
improving their condition. It was unfortunate that so many of the early cases were over 20 years 
of age, as the risk then is certainly greater. 


SUCCESSFUL RESULTS OF OPERATION 
Twenty-three patients have survived operation and some details of these are given in Table IV. 
In 11 of these pure pulmonary valvular stenosis was present. In 12 the valvular stenosis was part 
of a Fallot’s tetralogy: there was no doubt that the stenosis was valvular in all these cases except 
perhaps in Cases 2 and 4 where there may have been a high infundibular stenosis. In Cases 20 
and 24 there was infundibular as well as valvular stenosis; the former was treated by resection in 
one case and by dilatation in the other. 


TABLE IV 
ANALYSIS OF THE 23 SUCCESSFUL CASES 


Pure Pulmonary Stenosis (11 cases) 


Case 7 a .. Excellent result: has passed through successful pregnancy and delivery since. 
Case 13-16.. .. All good. 

Case 17... .. Good. Blalock’s operation 2 years before, followed by congestive failure. 
Case 18 = .. Good. Potts’ operation 6 weeks before followed by congestive failure. 
Case 22... .. Good. Unusual case (see p. 379). 

Cases 23 and 30* .._ Excellent. 

Case zr? 4. .. Improved. 


Fallot’s Tetralogy with Valvular Stenosis (12 cases) 


Cases 2 and 4 .. Improved. 

Case 3 ‘hi .. Excellent. 

Case 10 .. .. Good. Hb. reduced from 180 to 118 per cent. 
Case 20 ve .. Improved. Infundibular resection also. 

Case 24... .. Improved slightly. Infundibular dilatation also. 
Cases 25, 29, and 31 Good. 

Case 26. .. .« Excellent. 

Cases 32 and 33 .. Probably good but too recent for real assessment. 


* With atrial septum closed as well as ventricular 


PURE PULMONARY VALVULAR STENOSIS 


The 7 deaths have already been mentioned: in 6 of these the immediate outlook was grave and 
earlier operation before the patient had become so severely disabled would have been much safer. 
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On the other hand, the result in Case 7 shows that success is not impossible even at such a late 
stage: she was losing ground rapidly so that she could hardly walk the length of the ward and 
seemed unlikely to live many months; yet the result was extremely good (Fig. 14), so that she can 
get about freely with a colour that is almost normal. 

Case 7 (0207) was 26 when she was first seen. Congenital heart disease was diagnosed when 
she was 18 months old. She led an active life, able to go skating and to take strenuous exercise 
until she was 18 : no comments seem to have been made about her colour or about cyanosis up 
to this stage. 

When she was 18 she became increasingly cyanosed and could do less and less, till she could 
only walk 100 yards or less instead of several miles; she was almost completely incapacitated after 
a meal. Clubbing of the fingers was noticed when she was 24 and her deterioration from 24 to 26 
was much greater than from 18 to 24 years. In fact, between July and October, while she was 
waiting admission she became so much worse that it was thought unlikely that she would live long. 
She had a moderate-sized hemoptysis on two occasions and many dizzy attacks during these months. 
She never squatted. 

On examination there was a fairly high-pitched systolic murmur in the second left space. A 
faint thrill could sometimes be felt but with no constancy. The heart showed slight enlargement. 
mainly due to the right ventricle; the pulmonary artery was a little prominent, though the lungs 
were oligemic. The cyanosis and clubbing of the fingers were extreme, and both had increased 
in the five months since she had first been seen. 

Circulation times, 12-2 seconds arm-tongue and 10-0 seconds arm-lung, and cardiac catheteriza- 
tion indicated a right to left shunt; the mean pressure in the right ventricle was 85 mm. and in the 
pulmonary artery only 11 mm. Hg. At least one pulmonary vein seemed to drain into the right 
atrium as a fully oxygenated specimen was obtained from this site. The clinical diagnosis of 
valvular pulmonary stenosis with a patent foramen ovale was, therefore, supported. 

At operation (December 6, 1948) the appearances even through the intact pericardium were 
characteristic of a valvular stenosis; the pulmonary artery was dilated and a fine jet-like thrill could 
be felt impinging on its wall. The absence of sinuses of Valsalva was confirmed and a diaphrag- 
matic valvular obstruction could easily be felt. 

Her progress after operation caused no anxiety. Her colour was almost normal at once and 
as soon as she got up she could walk better. Within a month she could climb two flights of stairs 
with little dyspnea. Four months after she was getting about all day and had walked three 
miles with ease. Her colour was normal except for slight cyanosis in the nails, and the clubbing 
was disappearing. The hemoglobin was now 87 per cent, and the arterial oxygen had risen from 
69 to 85 per cent. She had already become pregnant in spite of advice to the contrary. Naturally 
this was viewed with great anxiety, but under regular observation there was no return of cyanosis 
or disability: her pregnancy was, therefore, allowed to continue. Her child, which was three weeks 
premature and weighed 5 Ib. 5 oz., was born after a natural labour, only eleven months after 
operation. Her convalescence was uneventful. 

Fourteen months after operation she was leading a normal life and doing everything except 
the heavy work; she had been pushing the child out in the pram and had never felt dyspneeic except 
once, pushing it over a steep bridge. The physical signs were unchanged except that the systolic 
murmur was rather louder. If there was any change in her heart size the cardio-thoracic ratio had 
diminished, 48 against 50, these figures being the average of several observations (Table VII). 
The lung fields looked rather more dense (Fig. 15). There was still right ventricular preponderance, 
but perhaps some diminution of right ventricular strain (Fig. 16C). Eighteen months after opera- 
tion this improvement is maintained and if anything the heart is a trifle smaller. 

It seems certain that the pressure on the right side has fallen sufficiently to stop the right to 
left shunt that was present previously. Without the excellent results of Cases 3 and 7 we might 
have felt discouraged from proceeding on these lines. 

One important feature that has emerged from our experience with valvulotomy is that operation 
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A B 
FiG. 15.—Teleradiograms (A) before and (B) four months after operation, showing no change in the heart size but 
much improvement in the vascularity of the lung fields. This is well shown in the right pulmonary artery and 
its branches, which now have a more normal shape and can be followed more clearly. From Case 7, who showed 
great improvement. 





A B c 
Fic. 16.—Electrocardiogram after successful valvulotomy for pure pulmonary stenosis. (A) Before operation. (B) 
One month, and (C) one year after, showing an upright instead of an inverted T II and much less inversion of 
T III, suggesting some disappearance of left ventricular strain. In the chest leads there was still T inversion 
in V1, V2, and V3 so that the limb lead changes may be partly postural. Case 7. 


should be advised earlier before the heart muscle has become so damaged with gross hypertrophy 
and fibrotic changes. One side of the picture, the gravity and danger of the operation, has already 
been shown. The other, much more satisfactory side, is shown in the later patients where the 
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changes had not advanced so far: the operative mortality in these has been low and the results 
up to date, excellent. 

This group consists of 10 patients (13-18, 22, 23, 27, and 30) all under 14 ; most were les 
severely cyanosed, although in several a large heart caused extra anxiety. Six of these were operatec 
upon at the Johns Hopkins Hospital, by the courtesy of Dr. Helen Taussig and Dr. Alfred Blalock 
and Fig. 17 shows the group, all of whom had undergone pulmonary valvulotomy within the threc 
weeks before the photograph was taken. These patients were presented for operation with a view 
to assessing and, if possible, demonstrating its feasibility. The clinical results and the group picture 





Fic. 17.—Group of six children who had undergone pulmonary valvulotomy at the Johns Hopkins Hospital, 
Baltimore, in the three weeks before the photograph was taken. (Cases 13-18). 


both testify to its success. It was a great pleasure and privilege to be allowed to perform these 
operations at the Johns Hopkins Hospital, and we understand that Dr. Blalock has continued 
this series. 

These successful results demonstrate that pulmonary valvulotomy is reasonably safe provided 
it is done sufficiently early. The high mortality in our earlier patients, all of whom were advanced 
and severe, is not a true picture of the merits of the operation. We hope that no one else will be 
faced with such a series of dangerous cases as these constituted, though the excellent result in 
Case 7 shows that the desperate risk is sometimes justified and well rewarded. 


VALVULOTOMY FOR WELL COMPENSATED CASES WITH HIGH RIGHT VENTRICULAR PRESSURE 


The demonstration that pulmonary valvulotomy can give good results with relative safety, 
providing it is done before the patient has deteriorated too much, inevitably introduced the question 
of its application to well compensated pulmonary stenosis. The position is well demonstrated by 
the following patient. 


Case 30, aged 12, was found to have a murmur at two years of age. He had few symptoms 
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nd could run 100 yards and walk at least 
hree miles. He was able to do most 
hings with the boys at school, but be- 
ame more tired and could not keep up 
vith them for long and was not allowed 
o play games. 

At one time he was thought to have a 
patent ductus arteriosus, and in August, 
1949, he was seen at the Johns Hopkins 
Hospital by Dr. Taussig, who made 
a diagnosis of pulmonary valvular 
stenosis. Cardiac catheterization by 
Dr. Richard Bing revealed a pressure 
reaching 193/0 mm. Hg. in the right 
ventricle and 30/18 in the pulmonary 
artery. Dr. Taussig recommended him 
to see R.C.B. for pulmonary valvu- 
lotomy. 

When seen by us, in February, 1950, 
there was no cyanosis or clubbing of 
the fingers. There was a loud harsh 
systolic murmur, maximal in the pul- 
monary area, and a systolic thrill; the 
pulmonary second sound was normal. 
The heart was not enlarged (Fig. 2); the 
left pulmonary artery was easily seen on 
screening and the lung fields looked a_ 5, 





18.—Angiocardiogram at 3 sec. from Case 30, with pure 


little light. There was right ventricular pulmonary stenosis. The U shape of the right side of the heart 
preponderance with T inversion in is well seen and there is unusual dilatation of the left pulmonary 

=e ; : artery, but little increase in the density of the lungs. More 
leads Il and Ill and form VI to V5 often the increased density is confined to the pulmonary trunk 
(Fig. 5). Angiocardiography (Fig. 18) and shows a small circular shadow. 


demonstrated a large pulmonary artery 
with a dilated left branch; there was no evidence of a shunt. 

Because of the small heart and slight disability, it was felt wiser to repeat these investigations 
before deciding on an operation. Cardiac catheterization by Dr. Deuchar, gave almost identical 
results (see Tables V and VI and Fig. 19). An extremely high pressure 180/0 in the right ventricle 
and 22/10 mm. Hg. in the pulmonary artery confirmed pulmonary stenosis. 

With such a high pressure in the right ventricle it seemed probable that he would not keep fit 
for long, and that sudden deterioration might make an operation much more dangerous and less 
likely to be effective. The increasing safety of valvulotomy is an indication for radical and pro- 
phylactic treatment to relieve this dangerous mechanical position before signs of failure appear. 

At operation, the diagnosis was confirmed; valvulotomy was performed without event and was 
followed by a smooth recovery. It is as yet too early to assess the final effect but catheterization 
shows that the pressure in the right ventricle has been reduced to one half. 

The implications of this are, however, so important that it demands presentation at this time 
for it serves, as it were, as the culmination of this work on pulmonary valvulotomy. It will be 
necessary to decide what level of right ventricular pressure is fraught with danger, for some patients 
get on well for long periods. 
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Fic. 19. 
pulmonary artery; then at A the catheter was withdrawn into the region of the pulmonary valve and at B, about 


Pressure tracings from Case 30. Reading from left, to right the steady tracing shows the catheter in the 


4 seconds later, into the cavity of the right ventricle. 


is la ( The tracing of the third heart beat after this, has been 
blacked in for clarity. 


RESULTS OF CATHETERIZATION IN PULMONARY VALVULAR STENOSIS 


Tables V and VI show some of the results of catheterization in pure pulmonary valvular stenosis. 
Each of the upper four cases had a right to left shunt, probably through a patent foramen ovale, 
and the arterial oxygen saturation lay between 52 and 79 per cent. Each of the lower four had 
a normal arterial oxygen saturation without evidence of any right to left shunt. 

The pressure in the right ventricle seemed at least as high in these latter four cases without a 











TABLE V 
Some RESULTS OF CATHETERIZATION IN EIGHT CASES OF PURE PULMONARY VALVULAR STENOSIS 
Pressure, mm. Hg. Pulmonary flow 
Case No. 
R.A a.” PA." litre/min. 1/min./sq. in. 
With a Patent Foramen Ovale 
7 11 85 11 one-third normal 
10 9 45 16 1:8 1-4 
11 15/4 155/27 - 
23 3 44 — — 
With Both Septa Closed 
30 12/5 180/0 22/10 4-0 3-6 
0091 8/0 155/-8 24/7 5:9 4-6 
P206 10,0 140/21 40/21 3-7 2:4 
0328 14-1 135/8 31/10 1:9 1-9 








* The single figures represent mean pressures and the double figures systolic and diastolic pressures. 


shunt, so that probably the foramen ovale was sealed in all of them. Case 30 has just been de- 
scribed: it is striking that the other three also have such high systolic pressures in the right ventricle, 
although their symptoms are relatively slight, e.g. Case 0091 is seeing whether he can manage to 
work as a carpenter and Case P206 is able to play some cricket at school. Nevertheless, we feel that 
these patients should probably be submitted to valvulotomy for the same reasons that Case 30 
was, before deterioration starts. 
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Fic. 14.—Case 7, before and three weeks after pulmonary 
valvulotomy. Her severe disability and deep cyanosis had 


developed between the age of 18 and 26, 
completely disappeared after operation. 
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It is interesting that the pulmonary flow is so little, if at all, diminished in these patients, which 
shows that the extremely high pressure in the right ventricle has been effective in overcoming the 
obstruction of the stenosis. In contrast to these, some of the earlier cases operated on showed 
the lowest figures for the pulmonary flow of any that we have come across, and in Case 10 it was 
considerably reduced. 


TABLE VI 
THE OXYGEN SATURATION ON CATHETERIZATION IN EIGHT OF THESE CASES 





Percentage O, saturation 


Case No. 
S.V.C. LV. R.A. R.V. PA. Systemic artery 
With a Patent Foramen Ovale 

7 45 47 (22) 69 

10 6l 75 67 67 68 79 

11 35 39 32 33 52 

23 — 46 45 42 68 

With Both Septa Closed 

30 64 62 64 62 66 97 

0091 74 71 75 74 75 96 

P206 64 te 68 64 66 95 
0328 $4 52 52 49 41 94-5 





VALVULOTOMY AFTER A SYSTEMIC-PULMONARY ANASTOMOSIS 


We have already indicated that the correct treatment of pure pulmonary valvular stenosis is 
valvulotomy: a systemic-pulmonary anastomosis should not be done, for sooner or later heart 
failure may ensue: a view that is shared by Taussig (personal communication). This was borne 
out by three of these cases, in each of which congestive heart failure followed promptly upon the 
systemic-pulmonary anastomosis. These three were all operated upon by one of us at the Johns 
Hopkins Hospital in November, 1949, and we would like to place on record our appreciation 
of the broadminded and scientific attitude that Dr. Taussig and Dr. Blalock showed in asking us 
to operate on these patients. 

Case 12, a boy, aged 14, had a left-sided subclavian-pulmonary anastomosis done by Dr. Blalock 24 years 
earlier; his cyanosis had been relieved but he soon developed congestive heart failure with a large pulsating 
liver. Though his condition was desperate, valvulotomy was performed without event and the subclavian 
pulmonary anastomosis was exposed with a view to closing it. 

The lung was very adherent and while the many vascular adhesions were being divided the heart stopped 
suddenly about 30 minutes after valvulotomy had been done; it could not be revived. This patient with 
heart failure was not likely to live long unless some relief could be given. His was the only death among 
the seven pulmonary valvulotomies done by us at Baltimore. 

Case 17, a boy, aged 9, had right-sided subclavian-pulmonary anastomosis by Dr. Blalock two years 
before. His colour had improved but he soon developed progressive heart failure with a large pulsating 
liver. After successful valvulotomy he showed some improvement with diminution in size and pulsation 
of the liver. His condition was not, however, satisfactory until three weeks later when Dr. Blalock himself 
closed the original subclavian-pulmonary anastomosis; he then made rapid and excellent progress. This 
shows that the artificial ductus provides the extra strain that the heart is unable to tolerate when there is 
no ventricular septal defect and over-riding aorta. 

Case 18 is so far as we know, the first example of pulmonary valvulotomy and closure of an aortic- 
pulmonary anastomosis at the same operation. The patient, aged 14 months, had shown progressive 
cyanosis since birth and became very much worse and nearly died after a respiratory infection. A left-sided 
Potts’ operation was done elsewhere in October, 1949, and the colour improved immediately ; three days later 
the liver showed progressive enlargement so that within a week it was very large and pulsating; the size of the 
heart also increased. Dr. Ziegler, after cardiac catheterization, made a diagnosis of pulmonary valvular 
stenosis with patent foramen ovale and congestive failure, and referred the baby to the Johns Hopkins 
Hospital for pulmonary valvulotomy. 
2D 
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This was performed successfully and was well tolerated, six weeks after the original operation. An 
attempt to close the aortic-pulmonary anastomosis was decided on: the two vessels and the stoma were 
dissected free and the fistula between the two was closed by a running mattress suture, and by three inter- 
rupted mattress sutures. The child (who is shown in the group photograph in Fig. 17) made a good recovery 
and has continued well since. Within six months he had doubled his pre-operative weight. 


VALVULOTOMY FOR PULMONARY VALVULAR STENOSIS IN FALLOT’S TETRALOGY 
The 3 patients who died have already been described. The results in the 12 survivors are most 
encouraging, though in Cases 2, 4, 20, and 24 the improvement is less than usual. 
The first three were operated on more than two years ago and the fourth in May, 1949. These 


four and Case 7 (see p. 392) have, therefore, been followed for long enough to show the degree of 


improvement to be expected. No patient has yet failed to maintain or improve the early improve- 
ment, so we hope the assessment of the more recent patients will prove to be correct. 

These four cases will be given more fully so that the reader can judge their incapacity and their 
progress. Some facts given in Table II are omitted to save space: their electrocardiograms showed 
right ventricular preponderance, generally with a large pointed P II. Hearts that were little, if at 
all, enlarged have sometimes become a little larger after operation, and the measurements before 
and after are given in Table VII. 

TABLE VII 
HEART Size BEFORE AND AFTER PULMONARY VALVULOTOMY 





Max. transverse diameter Diameter of Chest 
Case No. SS ey are of Heart (cm.) (cm.) 
Before After* Before After Before After 
2 (P079) 49-5 54:5 (24) 12-0 13-25 24-25 24-25 
3 (H107) 49 §2:5 (28) 11-0 12:25 22-4 23-25 
4 (H109) 43 46 (21) 11-6 12-25 26:9 26°5 
7 (0207) 50-4 47 (18) 12:8 12:25 25-4 26:0 
10 (0153) 52 a2 642) 13-0 13-0 25-0 25:0 
Average 48-8 50-4 12:1 12-6 24:8 25:0 





* The figure in brackets denotes the number of months. 

Case 2 (P079), aged 18. Pulmonary stenosis was diagnosed by one of us when she was two years old. 
She could walk no more than 200 yards in summer and hardly went outside in winter. She squatted con- 
stantly. Her cyanosis was slight at rest but increased greatly with any exertion. The physical signs were 
as usual in Fallot’s tetralogy. 

The immediate result of operation was difficult to assess because arterial emboli in the legs caused much 
pain on walking and at one time gave rise to some anxiety. 

Eight months after operation she could walk a quarter of a mile with less discomfort. Two years after 
operation she had improved further and her legs had recovered completely. She had walked a mile, but 
could not always do this: the cyanosis was less. The physical signs and the blood pressure were not signifi- 
cantly changed. The only unusual feature was that the hemoglobin had not diminished; it fell from 129 
to 119 per cent shortly after operation but had risen again to 130 per cent. 

Case 3 (H107), aged 11, had never been able to walk more than 100 yards without distress, 
though she had sometimes struggled on for a quarter of a mile. She squatted frequently. On 
examination, the cyanosis was severe, with extreme clubbing of the fingers and polycythemia 
(hemoglobin 156 per cent). There was a loud systolic murmur in the pulmonary area and a slight 
thrill. The heart was sabot-shaped but not enlarged, and the lung fields were light. A diagnosis 
of Fallot’s tetralogy was made. 

A few days after operation (19/2/48) her colour was much better and progress was rapid, so 
that she was soon able to move about the hospital, with a colour quite unlike anything seen before. 
Unfortunately, the arterial oxygen saturation was not done before operation, but it was 81 per cent 
at this time and had risen to 91 per cent when it was done again a year later. 
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Four months after operation she was leading a normal life at school except for games, and her 
colour at rest was normal. She was able to run about energetically. The parents often think that 
progress has continued for some months after operation; generally, this seems no more than im- 
provement in the muscles and general condition as the patient leads a more normal life, but in this 
girl, real progress seemed to continue for some months longer. 

Two years after operation her colour, even after exercise, is almost normal, and she is doing 
an increasing amount of drill, etc., at school; in fact, her capacity seems almost unlimited and she 
is able to do all she wants, though it has been thought wise not to allow more games at school. 

There is a little increase in the size of her heart, c.t.r. 52-5 against 49 (Fig. 20), the average of 
three measurements before operation; the hemoglobin has not increased again and has remained 





A B 


Fic. 20.—Teleradiograms (A) before and (B) one year after operation, showing a little increase in the size of the heart: 
from Case 3, where the result was extremely good. The improvement in the lung markings is somewhat obscured 
by the breast shadows. 


at about 98 per cent. Clubbing of the fingers has entirely disappeared and we have no patient 
where the change in capacity and in colour had been more striking than in her. In spite of this great 
improvement there is no change in the right ventricular preponderance (Fig. 21). 

She was almost certainly an example of Fallot’s tetralogy. At operation the stenosis seemed 
valvular and of the bicuspid type, and the pulmonary artery itself very small and immature; we were 
anxious lest such a small vessel might be unable to carry a useful increased supply of blood. The 
progressive improvement suggests that the vessel has been able to increase in size now that the 
valvular obstruction has been relieved; certainly her progress and the loud, almost roaring 
systolic murmur support this. 

No diastolic murmur has been heard at any time in her or in the others, and there is no reason 
to think that any of them have developed pulmonary regurgitation. 


Case 4 (H109), aged 25, had never been able to get about much and was practically confined to one 
room, becoming breathless and cyanosed with moving across it. At rest her cyanosis was very slight for 
so much disability, and the clubbing of the fingers was also slight. She was encouraged to increase her 
activity but could not do more than a little walking about the ward. 

She had the usual systolic murmur in the pulmonary area and a diminished pulmonary second sound. 
The heart was not enlarged and was a striking example of the sabot-shaped heart with an unusually turned 
up apex (Fig. 9). On screening the lung fields were very light, and the right ventricle a little enlarged; the 
first part of the pulmonary artery was rather prominent and dilated on the left side, suggesting some dilata- 
tion beyond the valvular (or possibly high infundibular) stenosis. 
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At first, the improvement was difficult to assess because of the hemiplegia, which had become apparent 
the day after operation. The arterial O, saturation rose from 77 to 89 per cent. She had to remain in 
hospital for six months and then could walk only the length of the ward but was still improving. 

Re-examined 27 months after operation, her colour looks almost normal and does not change with 
walking as it had before. She is able to walk a quarter of a mile and is then limited by fatigue in her leg 
rather than dyspnoea. The left leg is weak and spastic with classical signs. The left arm is also spastic 
and can hardly be used. Rather to our surprise she is certain that her increased activity has made her 
operation well worth it, even with the great disability of her hemiplegia. The physical signs do not seem 
significantly changed and there is no diastolic murmur. The lung fields still appear to suffer from a 
diminished pulmonary blood flow, though less than before. The heart is still small, but a little larger than 
before operation, c.t.r 46 instead of 43: the shape is just the same as before. Her hemoglobin had not 
risen again and is 90 per cent. 

Case 10 (0153), aged 22. Cyanosis was noticed from birth and although he talked at 3 he did not walk 
till 9 years. He had squatted before this and continued to do so till he was 16 years old. His cyanosis 


was very severe and the hemoglobin 180 per cent, with a red cell count of 9-4 million. The clubbing of 


the fingers was much less than would be expected for this. There was a great contrast between his severe 
cyanosis and less severe disability as he managed regular clerical work and could walk two miles slowly on 
the flat. 

There was a fairly rough systolic murmur both at the apex and in the pulmonary area; the pulmonary 
second sound was diminished. Screening showed no great increase in size of heart. 

Cardiac catheterization suggested a large shunt (60°, of cardiac output) and less pulmonary stenosis. 
Angiocardiography showed slow filling of the heart and of the pulmonary arteries without much increase in 
lung density. The right-sided aortic arch could be seen from 5 seconds onwards, and the appearance 


supported an over-riding aorta, though the general slow filling of the heart was more like our picture of 


valvular stenosis with patent foramen ovale, which would not fit in with the size of the heart or other features. 

Valvulotomy was performed on May 23, 1949. Six months after operation he was greatly improved as 
regards his colour though there was still some cyanosis at rest. His capacity for exertion had been fair 
before but he found now that he did his work and his two mile walk to and from it much more easily. 
Going upstairs was also less of an effort. 

A year after operation, his improvement is maintained. The hemoglobin has remained down at 118 
per cent instead of the previous 180 per cent. There is no significant change in the size of the heart (Table 
VII) and the physical signs can not with certainty be said to have changed as the systolic murmur had been 
rough before operation. It is disappointing that T I, which had always been small, became more deeply 
inverted after operation, and this has continued. T inversion has also appeared in V6, though it was less 
in V3 to VS. Transient changes somewhat of this type have been seen in many patients, but we have 
seen no other where permanent changes in the standard leads have persisted, and cannot exclude a 
small infarction. 

This fall in the hemoglobin is a great advantage, as high-grade polycythemia is an important 
factor in causing thrombosis, and we thought cerebral thrombosis a considerable risk in this patient. 
Venesection while waiting for operation lowered his hemoglobin but it quickly rose to the same 
level. This advantage is shared, to a smaller extent, by many other patients. 

The remaining cases are all improved, greatly improved in 6 of the 8, but operation is too recent 
for more final assessment. 


ELECTROCARDIOGRAPHIC CHANGES AFTER OPERATION 


Certain changes—a cove-shaped S—-T with subsequent T inversion in leads I and several chest 
leads—have been observed progressing and regressing in most cases where section of the right 
ventricle has been performed; they will be discussed in the paper that follows on infundibular re- 
section (Brock and Campbell, 1950). These changes are probably caused by the muscle section 
at operation and do not appear to be of lasting importance. 

Even in two of the most successful cases there has so far been no diminution of the right ventri- 
cular preponderance (Fig. 16 and 21). 


THE INFLUENCE OF AGE ON THE MORTALITY AND ON THE CHANCES OF SUCCESS 


The mortality of valvulotomy for pure pulmonary stenosis is at present considerably higher 
than for valvular stenosis in Fallot’s tetralogy. Apart from this difference, the influence of age 
on the results is similar in the two groups, and the figures have, therefore, been combined. 
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Fic 21.—Electrocardiograms from Case 3 with Fallot’s tetralogy and valvular stenosis, after most successful operation 
for valvulotomy, showing no significant change in right ventricular preponderance (confirmed by chest leads). 
(A) Before operation, (B) 20 months after operation. 


As might be expected, the operation is much more dangerous in those over 20. In those under 
10, there are 9 very good results against 2 deaths: but in those over 20, there are only 2 very good 
results against 6 deaths, those with only moderate improvement being excluded. The proportion 
of good results to deaths is 14 times higher in those under 10 than in those over 20 years of age. 

Age has a similar effect on the mortality after a systemic-pulmonary anastomosis, and the 
following are comparable figures for our first 100 cases. Under 10, there were 39 very good results 
against 7 deaths; but in those over 20, there were only 2 good results against 3 deaths (or in those 
over 15, 9 good results against 4 deaths). The proportion of good results to deaths is 13 times 
higher in those under 10 than in those over 20; and this ratio is still over 8 if the range is lowered 
to those over 15 (instead of over 20) years of age. 

This provides another argument in favour of operation at a relatively early age before the 
changes in the heart have progressed too far. 


SUMMARY 


The clinical picture of pure pulmonary stenosis—valvular stenosis with a closed interventricular 
septum—has been described shortly. Depending on its severity and on whether the foramen ovale 
is sealed or potentially patent, it can present in very different forms: the disability may be slight or 
extreme: the patient may be acyanotic or cyanotic, and the cyanosis may date from childhood or 
may only develop in early adult life; the heart may be only slightly or very greatly enlarged; and 
the electrocardiogram may show slight or gross signs of right ventricular preponderance. 

When the foramen ovale is sealed, there is no alternative route for the blood and the extra work 
in trying to overcome the obstruction causes hypertrophy of the right ventricle. When the foramen 
Ovale is patent, the back pressure effect is mitigated for a time by the shunting of blood from the 
right to the left atrium; the price paid is, of course, venous-arterial mixing and cyanosis. In both 
groups the greatest danger is right-sided heart failure or less often sudden death, sometimes preceded 
by attacks of unconsciousness. 
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In Fallot’s tetralogy the stenosis is generally infundibular but often valvular. The differential 
diagnosis of pure pulmonary stenosis and of Fallot’s tetralogy with infundibular stenosis or with 
valvular stenosis has been discussed. 

A short description is given of the technical details of pulmonary valvulotomy. Thirty-three 
patients have been submitted to this operation, 18 of these with pure pulmonary stenosis, and 15 
with valvular stenosis as part of Fallot’s tetralogy. The first patients chosen for operation were 
gravely ill with large hearts and often with congestive failure, and in these circumstances the operative 
mortality is high. Later operations have included several on younger patients with smaller hearts, 
where the condition had not progressed so far, and the risks here are very much less. 

Details of the 10 deaths have been given, most of these being in older patients with pure pul- 
monary stenosis. 

The results in the 23 survivors are good and all have been improved. With 5 we cannot say 
more than this as the improvement is much less than we hoped for, but in the remainder it is striking 
and of the same degree that we have come to expect after a successful Blalock-Taussig operation. 
No patient has developed a pulmonary diastolic murmur or any other evidence of pulmonary 
regurgitation. 

The first five patients have been followed for from 12 to 27 months and are reported in more 
detail; they suggest that our early assessment of the good results in the others will be borne out, as 
none of them has lost ground and one, at least, continued to improve for several months. 

The success of the operation is more difficult to judge in the first two or three weeks, but the 
degree of improvement noted on leaving hospital is generally borne out by the later follow-up. 

There can be no doubt that pulmonary valvulotomy is the right treatment for pure pulmonary 
stenosis. It is an effective treatment for valvular stenosis in Fallot’s tetralogy, and the final decision 
of the best procedure will come from a longer follow-up of these and other cases. 

Some temporary changes in the electrocardiogram, suggesting muscle injury, are seen during 
the few weeks following operation; these disappear in the standard but not always in the chest 
leads. In some of the successful cases where the heart was relatively small, there has been a 
little increase in its size after operation. 

The symptoms, the size of the heart, the pressure in the right ventricle, and the special electro- 
cardiographic pattern must all be taken into account in deciding the need for and the time of 
operation. In patients over 20 the risks of operation are much greater and the chance of 
very good results much less than in those under 10 years of age, so operation should not be too 
long delayed. 

We should like to thank Dr. Hills for the angiocardiograms, Dr. Reynolds and Mr. Muir for taking so many 
electrocardiograms during and after operation; also Dr. Holling, Dr. Zak, and Dr. Deuchar for the results of the 
catheterization in many of these cases, and Dr. Paul Wood for the same results in Cases 9 and 23, who were admitted 
to the National Heart Hospital for investigation. Cases 19, 31, and 33 were investigated by Dr. Paul Wood at the 
Brompton Hospital and were operated on there. Case 27 was investigated by Professor McMichael of the Postgraduate 
Hospital, Hammersmith, and was operated on at the Brompton Hospital. 

The special instruments for pulmonary valvulotomy are supplied in a graded set and have been made by Mr. R. 


Schranz of the Genito-Urinary Manufacturing Co. Ltd. We wish to acknowledge our indebtedness to him for his 
unstinted enthusiasm and co-operation in addition to his high technical ability and skill. 
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The relief of pulmonary valvular stenosis by valvulotomy was reported in 1948 (Brock, 1948) 
and the results in 33 cases have now been considered more fully (Brock and Campbell, 1950). 
Pulmonary valvular stenosis may occur as an isolated lesion (often with a patent foramen ovale) or 
as one of the components of the tetralogy of Fallot. In most cases of Fallot’s tetralogy the obstruc- 
tion is not at the valves but in the infundibular portion of the right ventricle and hence may con- 
veniently be named infundibular. The Blalock-Taussig operation short-circuits the stenosis by 
anastomosing a systemic to a pulmonary artery; it’s brilliant success must not distract us from 
considering relief of the infundibular stenosis by direct operation, because if this could be achieved 
it would mean that the blood-flow to the lungs would be improved, without introducing the com- 
plications that may arise from the more complex procedure. 

The arguments in favour of a direct attack on the obstruction, whether it be valvular or infundi- 
bular, have already been considered (Brock, 1948, 1949) and will not be elaborated here. In the 
second paper the problem of relieving the infundibular obstruction by operation was presented and 
brief mention was made of successful operations in 5 patients. The object of this paper is to record 
the results in the first 11 patients treated in this way; they were operated on before July 1949 after 
which the absence of one of us abroad caused a three month’s hiatus that provides a convenient 
occasion for follow-up. 

The nature of the obstruction in infundibular stenosis is not well understood and is generally 
assumed to be quite unfavourable for relief by operation. A matter of such importance should be 
settled by careful first-hand observation of the anatomical changes present: only in this way is it 
possible to decide whether direct operation is feasible and what form it should take. A brief 
account of the nature of the obstruction was given in the paper mentioned above and a fuller 
description will be published separately. This paper deals with the results of the operation. 

The infundibular stenosis is usually strictly localized, often forming a thin annular constriction, 
sometimes almost diaphragmatic. The diagrams in Fig. | convey the general form of the most 
easily recognized types: the obstruction may be situated just below the valves (high infundibular) or 
at varying levels lower down. Dilatation occurs distal to the obstruction and, unless this is too 
near the valves, a chamber is formed which may be quite large: if the wall of this ** infundibular 
chamber ” is deficient in or quite devoid of muscle a more or less prominent bulge is formed on the 
surface of the ventricle, and may be of great value in diagnosis of the level of the obstruction. The 
muscle in the wall of the chamber is never as thick as that in the ventricle below the obstruction but 
when the muscle does extend to the valve level the chamber is less prominent on the surface of the 
heart (Fig. 1F), although it still forms a space within that may sometimes be quite large. 

Direct operative relief of the infundibular obstruction serves a double purpose. It can certainly 
increase the flow of blood to the lungs along the pulmonary arteries; it may diminish the right-to- 
left shunt through the interventricular septal defect and into the over-riding aorta. With a high 
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Fic. 1.—-Diagrams illustrating the commoner types of infundibular stenosis. In (A) there is a high degree of pul- 
monary hypoplasia with a bicuspid valve and stenosis lying just below the valve in a narrow muscular channel. 
In (B), the commonest type, there is a high infundibular chamber with a very thin fibrous wall. In (C) there is a 
small infundibular chamber with a very thin fibrous wall. In (D) the thin-walled infundibular chamber is large. 
In (E) and (F), two types of infundibular stenosis are shown, similar to those in (C) and (D), except that the outer 
wall of the infundibular chamber is muscular. 


degree of obstruction to its outflow the powerful contractions of the obstructed right ventricle must 
force the blood via the alternative route into the aorta. If the obstruction is relieved more of the 
ventricular output should pass to the lungs and less to the aorta, as illustrated in the diagram in 
Fig. 2, and by the figures for the arterial O, saturation in Table II. 

The feasibility of direct relief of the infundibular stenosis by open operation must be settled by 
practical experience: it is certainly possible for this is shown by the cases on which we have operated. 
Whether the good results that have followed will be maintained, time alone will tell. We report our 
experience in order to record the present position. Improvements in technique will no doubt 
enable the obstruction to be dealt with more efficiently, but so far, even in these few cases, the 
results have been good enough to encourage further efforts and trials. 





Fic, 2.—Diagrams illustrating the importance of the degree of pulmonary stenosis in determining the amount of right 
to left shunting that occurs in the presence of an over-riding aorta. In (A) there is pulmonary atresia, and all 
the blood passes into the aorta. In (B) there is a high degree of pulmonary stenosis and most of the blood from 
the right ventricle enters the aorta. In (C), in which the pulmonary stenosis is less or has been relieved by opera- 
tion, more blood enters the pulmonary artery and correspondingly less escapes into the aorta. In (D), in which 
there is no pulmonary stenosis, there is much less mixing. 
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THE DIAGNOSIS OF INFUNDIBULAR STENOSIS 


Infundibular stenosis occurs, with a few exceptions, as a part of the tetralogy of Fallot or much 
less commonly with transposition of the great vessels. Both Peacock (1886) and Keith (1909) 
describe cases of pure infundibular stenosis with no septal defect; in all of these the obstruction was 
low and a chamber of considerable size was present. We have, so far, not encountered infundi- 
bular stenosis as an isolated lesion, though in Case 6 we thought it much the most important of the 
defects. The first step in its recognition is, therefore, the diagnosis of the tetralogy of Fallot. 
Differentiation from pure pulmonary valvular stenosis should not be difficult, and careful studies by 
cardiac catheterization and angiocardiography should confirm this: the post-stenotic dilatation of 
the pulmonary artery is one important diagnostic feature, although on occasions a high infundi- 
bular stenosis may mimic this. 





A B 
Fic. 3.—(A) Teleradiogram, and (B) angiocardiogram at 3 sec., from Case 2. In (A) there is some prominence in the 
pulmonary region and (B) shows that this is a large infundibular chamber above the stenosis, this chamber 
forming a considerable part of the left border of the heart shadow. 
= 


The diagnosis is made most easily when the stenosis is some distance below the valves and a 
large infundibular chamber is formed. This makes a projection on the left border of the heart 
(Fig. 3A and 4A) which can be brought into greater prominence in the right anterior oblique position 
(Fig. 8). Angiocardiography can display the chamber perfectly (Fig. 3B and 4B) even when it is not 
large enough or hardly large enough to show on plain radiographs (Fig. 6 and 7). As these illus- 
trations show its size and shape are very varied, and other examples have been given by Campbell 
and Hills (1950). Cardiac catheterization may also provide valuable confirmation if the sudden 
drop in pressure occurs at a level below that of the valves and within the ventricle (Fig. 5). The 
greatest difficulty in diagnosis arises when no chamber, however small, can be recognized by 
angiocardiography, for the distinction between a very high infundibular and a valvular stenosis may 
then be impossible before the heart is displayed at operation. The final diagnosis must always be 
made or confirmed actually at operation, and with increasing experience we find that this is always 
possible when the heart and pulmonary artery are examined after opening the pericardium. 
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Fic. 4.—(A) Teleradiogram, and (B) angiocardiogram at 3 sec. from Case 3. The infundibular chamber produces the 
smaller prominence on the left border in the teleradiogram. In the angiocardiogram it is even more clearly 
separated from the other shadows and the shadow of the pulmonary artery can be seen above it. 


A B 
Fic. §.—Radiographs of catheter in situ during catheterization. (A) In the infundibulum, (B) just below this, in the 
right ventricle, where pressure recordings showed there had been a sudden increase of pressure. (Reference 
No. 0034). 
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A B 
Fic. 6.—(A) Teleradiogram, and (B) angiocardiogram at 3 sec., from Case 1, where the infundibular chamber, well seen 
in (B), cannot be made out in (A), possibly because it is obscured by the severe scoliosis. The stenosis is higher in 
this case and the dilatation continues to affect the pulmonary trunk. 





A B 


Fic. 7.—(A) Teleradiogram and (B) angiocardiogram at 2 sec., from a boy with Fallot’s tetralogy (Case P023) where 
the infundibular chamber was hardly visible on the teleradiogram, beautifully demonstrated on the angiocardio- 
gram, and confirmed post-mortem. The outflow tract of the right ventricle is often displaced to the left as in 
this case, so that it runs almost horizontally instead of more vertically, but the variations are very great. 
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A B 
Fic. 8.—Right anterior oblique views from the same patients as Fig. 3 and 4, showing that the prominence of the 
infundibular chamber can also be seen in this position. (A) Case 2, (B) Case 3. The prominence, especially in 
(B), might suggest the presence of mitral stenosis but the barium in the oesophagus shows there is no backward 
enlargement of the left atrium. 


When the obstruction is low down, the post-stenotic chamber is clearly seen and the pulmonary 


artery, even though small in size, is normal in contour—a cylindrical tube with normal sinuses of 


Valsalva. Gentle palpation will confirm that the thrill originates well below the valves and actually 
within the cavity of the right ventricle. 

When the obstruction is higher, e.g. 1-2 cm. below the valve level, there is again no difficulty 
because the small tense infundibular chamber usually has very thin walls and stands out promi- 
nently in systole; indeed, it can usually be seen and felt quite easily through the intact pericardium. 
The pulmonary artery presents normal sinuses of Valsalva and palpation confirms the level of the 
thrill well below the valves. 

When the obstruction is a high infundibular one, immediately below the valve level, there may be 
more difficulty, and in one or probably two of our earlier cases a high infundibular was mistaken for 
a valvular stenosis. The most helpful feature is study of the sinuses of Valsalva; if these are 
present, even though dilated, an infundibular stenosis is almost certain. The sinuses and, indeed, 
the first part of the pulmonary artery may, however, share in the post-stenotic dilatation when the 
obstruction is just below the valve level, and the greater part of the pulmonary artery will be 
cylindrical, the bulge at its base resembling the swelling of a drum stick; careful inspection usually 
reveals slight indications of the separate sinuses. 

When the stenosis is valvular, it is more common to observe the whole trunk of the artery dilated 
and its diameter smallest at its actual origin. This finding is constant when the valvular stenosis is 
pure but less so when it is part of Fallot’s tetralogy. The final test comes by feeling lightly for the 





he 
in 
ird 


the 





INFUNDIBULAR RESECTION FOR INFUNDIBULAR STENOSIS 409 


valves; if the cusps are fused so as to form a conical projection or diaphragm, this structure can be 
felt with the finger tip in systole and the jet-like issue of blood is also felt to originate within the 
lumen of the artery from the summit of the cone or diaphragm, and it can be momentarily obliterated 
by pressure at the exact site of origin. Moreover, if the origin of the artery is lightly compressed 
between finger and thumb the conical projection itself can be easily and convincingly palpated. 
This, of course, allows a diagnosis of infundibular stenosis to be excluded, except as a concomitant 
lesion. 

We have seen several cases in which valvular and infundibular stenosis co-existed and this must 
always be thought of. In one of two recent cases the diagnosis was suggested at cardiac catheteri- 
zation by the finding of two levels at which the pressure dropped in two stages. In both the valvular 
stenosis was the more severe but the infundibular obstruction was severe enough to need relieving. 
Clearly a routine exclusion of a co-existing valvular and infundibular stenosis must be made: even 
if a severe and obvious infundibular stenosis is present, the valve level must be inspected and an 
instrument passed through into the pulmonary artery at cardiotomy. 

The final confirmation is made actually at cardiotomy when the presence and level of the obstruc- 
tion is verified by the passage of appropriate instruments or even by insertion of a finger into the 
heart. 


OPERATIVE DETAILS 


If a direct attack on the pulmonary stenosis is contemplated the operative approach should be 
from the front. It is, of course, possible by using an anterior incision to perform either cardiotomy 
or Blalock’s operation. Our own preference when a systemic-pulmonary anastomosis is planned, 
is for a long postero-lateral incision. We have, on nine occasions, performed right ventricular 
cardiotomy (twice for infundibular, and seven times for valvular stenosis) through a postero-lateral 
incision, but this is not always possible and is liable, at the least to be awkward. On one occasion 
when a valvular stenosis was found, the postero-lateral incision was closed and anterior thoracotomy 
performed three weeks later for valvulotomy. In general, therefore, an important decision has to be 
made whether to use an anterior or postero-lateral approach. 

The preliminary details are exactly as described for pulmonary valvulotomy. Intravenous 
procaine is given; a curved inframammary incision is used with detachment of the pectoral muscles 
from their lower costal attachment. The steps of injection of procaine into the pericardium and 
into the wall of the ventricle are just the same. 

In all our earlier cases the right ventricle has been incised and entered below the level of the 
obstruction, that is below the limit of the infundibular chamber. There was no difficulty in recog- 
nizing this level because our earlier cases were selected in view of the easily demonstrated large 
chamber; it was felt that this allowed plenty of clearance to work below the valves so as not to 
endanger them. In these cases the wall of the chamber was extremely thin and nearly devoid of 
muscle so that the dark blood could easily be seen through it. The thinness of the wall did not 
invite interference and we were glad to avoid it and to enter the heart well below it where the muscle 
was thick. If the chamber is of large or moderate size a low incision has the disadvantage of making 
it necessary to introduce the instruments so that they curve abruptly round and forwards to engage 
in the ostium of the chamber; this is a difficult and unsatisfactory manceuvre. There is no doubt 
that if the thickness of the muscle wall of the infundibular chamber allows it the incision should be 
made into the chamber itself above the stenosis which is then approached from above. This, of 
course, is not possible if the stenosis is only a short distance below the valves. In a recent case we 
incised the chamber itself in this way and were able to relieve an infundibular stenosis below and then 
change direction and perform a pulmonary valvulotomy above. 

Generally, the ventricular wall is incised and a small probe passed to confirm the presence and 
level of the obstruction. For this purpose we have also a special shouldered probe. A special 
punch is now inserted, opened and directed through the stenosis (Fig. 9). The fibrous ring 
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snaps back into the narrow part of the punch between the cutting edges and when the instrument 
is closed the resected portion of tissue is held secure and is withdrawn with the instrument. In this 
way we have been able to resect almost the whole circumference of the stenosed area (Fig. 10), or the 
resection has been made by a number of separate bites (Fig. 11). Three punches are available, 
their diameters being 0:7 cm., | cm., and 1-25cm. The punch, when closed, can also be passed up to 
the valve level to ascertain the presence of a valvular obstruction or to demonstrate a free passage 
into the pulmonary artery. In several cases the little finger has been inserted and used to palpate 
the stenosed area and to dilate it further. 
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Fic. 9.—Curved infundibular punch that is inserted through an incision in the wall of the right ventricle: 
it is then opened and passed through the stenosis which engages in the recessed portion between the 
cutting blades. As the instrument is closed, all tissue between is punched out and is retained within 
the instrument as it is withdrawn. Three sizes are available (0-7 cm., 1-0 cm., 1-25 cm.). 

The set of three sizes is made by Mr. R. Schranz of the Genito-Urinary Manufacturing Company 
Limited, 28a Devonshire Street, London, W.1. 


In two patients (Cases 4 and 6) it was not possible to secure any tissue with the punch, which 
seemed to slip through the stenosis easily. Palpation with the finger confirmed a narrow almost 
linear fibrous ring that was only slightly raised; it had been readily dilated by the instrument and 
was further dilated by the finger without difficulty. In both, good results have followed and, 
indeed, in one of them (Case 4) the result is excellent and impressive. It is remarkable and, indeed, 
satisfactory that this can be achieved by simple dilatation without resection. Hence the title of this 
paper includes infundibular dilatation. 

When one contemplates the morbid anatomy it is not so surprising that a good result should 
sometimes follow simple dilatation, at any rate in childhood. The infundibular portion of the 
ventricle, though small, consists of good muscle tissue with a certain amount of thickened fibrous 
lining in one place. This fibrous ring not only serves as an obstruction to the flow of blood but also 
tethers the ventricular wall. When one examines the ring in a child’s heart, this is evident and, 
furthermore, the fixation of the ventricular walls may prevent their proper development as the 
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Fic 10.—Two views of the tissue resected from Case 1. Almost a complete circle has been removed round the small 
central ostium. The covering of shiny thickened endocardium is well shown. A long tag of muscle has come 
away with the circular punched-out portion. On the left, viewed from the side; on the right, viewed from above. 














G.4 4 2:28 


Fic. 11.—The five fragments of the infundibular obstruction removed from Case 2. The shiny white areas are 
covered with thickened fibrous endocardium, and the darker areas are muscle. 


heart grows. If this fibrous ring is stretched and ruptured the muscle is freed and can function 
more normally; it can contract and relax and perhaps the raw surfaces formed by rupture of the 
fibrous ring may be rapidly endothelialized in their new and wider position. By liberating the 
walls it is possible that the continuous passage of blood will maintain the enlarged lumen and allow 
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normal growth and development to proceed unchecked. This observation would appear to be 
borne out by the steady progressive improvement noted in some of these cases. 

Conversely it indicates that the time for infundibular resection or dilatation is in childhood and 
that its results are not likely to be so good in the late teens or twenties when growth has ceased and 
the wall of the infundibular portion of the ventricle and the whole outflow track has been prevented 
from developing properly with the rest of the body. Moreover, we know that as the years go by the 
normal wear and tear of the blood stream over the stenosis leads to progressive fibrous thickening 
and the formation of fibrous excrescences that project into and further obstruct the lumen; ulti- 
mately dense fibrosis extends over the endocardium around the area of maximum stenosis and also 
into the muscle underneath, and calcification also occurs. Experience in three cases has demon- 
strated that these changes render direct operation very hazardous in older patients (see later). 


THE PATIENTS CHOSEN FOR OPERATION 


The patients chosen for operation were all thought to have Fallot’s tetralogy and were of the 
same type as those chosen earlier for systemic-pulmonary anastomosis (Baker ef al, 1949). They 
were selected whenever an infundibular chamber could be demonstrated, indicating that the stenosis 
was infundibular. Perhaps their disability was a little less, on the average, as the more disabled had 
been chosen for earlier operation, but they were older as such patients were at this time being given 
preference for operation. Their disability and cyanosis were generally placed in Grade 3 (able to 
walk 50-200 yards only, and with moderately severe cyanosis at rest), though sometimes only in 
Grade 2 (able to walk a quarter of a mile, and with only slight cyanosis at rest). There was rather 
less polycythemia than the average of the cases with Fallot’s tetralogy chosen for operation, but 
even so it was considerable as the hemoglobin averaged 132 per cent. The chief features of each 
case are given in Tables I and III. 

All had a systolic murmur, and most a systolic thrill in the pulmonary area, but none had a 
diastolic murmur here or at the apex. The second sound in the pulmonary area was single and 
diminished unless otherwise stated. On radioscopy there was always some enlargement of the 
right ventricle. All the electrocardiograms showed right ventricular preponderance and the P wave 
was large and somewhat pointed in more than half of them: QRS was somewhat widened in Case 6. 


TABLE I 
Cases OF FALLOT’S TETRALOGY, SUBMITTED TO INFUNDIBULAR RESECTION OR DILATATION 
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All patients had been cyanosed from infancy though sometimes not till after 18 months (details 
are given in Table I), except the two oldest where it was not noted till 10 years and 6 years respectively 
(Cases 5 and 9). These two differed from the classical picture of Fallot’s tetralogy in this respect, 
probably because they had been slighter cases who had got on well for a long time and survived to 
34 and 28 years respectively, though finally they had become gravely incapacitated. 

All patients squatted habitually except these two, and Case 5 may have and Case 9 certainly had 
done so in childhood. The fingers were always clubbed, least so in Cases 2 and 4. 

The clinical diagnosis of Fallot’s tetralogy was, therefore, straightforward, except that in Case 7 
the increased pulmonary shadows caused by the heavy collateral circulation raised some doubt as to 
whether the pulmonary blood flow was reduced, and in Case 9 the late onset of his cyanosis and even 
more of his disability presented the differential diagnosis of pulmonary valvular stenosis with a 
closed ventricular septum and a patent foramen ovale. 

Angiocardiography was carried out in all except Case 5; it confirmed the diagnosis, but was 
done even more for the valuable help it gives as regards the size and shape of the infundibular 
chamber. 

Cardiac catheterization was carried out in 6 of the patients and some of the results are shown in 
Table Il. The pressure in the right ventricle was always raised, least in the first two cases; and in the 


TABLE II 


SoME RESULTS OF CATHETERIZATION IN SIX OF THESE CASES 





es Pressure (mm. Hg.) Pulmonary fiow 
R.A. & Be PA.” litre/min. 1/min/sq.m. 
; —_~ it =. = a a ee 
3 Z 19 2 1:8 ~ 
5 9 47 15 2:0 1-4 
7 7 85/0 “Te 2:4 2:1 
8 0 100/0 50/0 2°5 1-8 
9 16/0 170/0 22/11 3-4 2:1 





Percentage O, saturation 


Case No. a Wwe RA RV PA Systemic Artery 
ia Before After 
: 60 59 62 69** 88 93 

3 — : 76 93 

5 57 58 63 61 62 75 — 

7 56 51 $5 62°* - 72 91 

8 ; 49 52 60** 74 ns 

9 61 53 61 64 63 75 — 





* The single figures represent mean pressures and the double figures systolic and diastolic pressures. 
** These increases of 1-7, 2, and 1-6 volumes per cent respectively, are thought to be significant. 
*** The pulmonary artery could not be entered. 


five where the pulmonary artery was entered there was evidence of obstruction between it and the 
right ventricle. The systolic pressure was very high (170/0) in Case 9: though this may have kelped 
to overcome the obstruction for some years it was no doubt one of the features leading to his final 
deterioration. The figure for the pulmonary artery pressure in Case 8 (50/0), the patient who 
benefited least, was unusually high; either the left to right shunt was enough to cause some rise of 
pressure—a finding that is rare or absent in uncomplicated Fallot’s tetralogy—or there was some 
independent cause for pulmonary hypertension which seems unlikely with the low diastolic pressure. 
2E 
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The arterial O, saturation was between 72 and 88 per cent, this providing further evidence of a 
right to left shunt. In Cases 2, 7, and 8 there was probable evidence of a much smaller left to right 
shunt as well as the main right to left shunt, but Holling and Zak (1950) have shown that this 
turbulance with left to right as well as right to left shunts is not uncommon in Fallot’s tetralogy. ~ 

The pulmonary blood flow was considerably reduced, to between 1:8 and 3-4 litres a minute or 
to between 1-4 and 2:1 litres a minute per square metre of body surface. 


RESULTS 

The operation of infundibular resection was, not unnaturally, approached with considerable 
trepidation. We found, however, that it is, on the whole, well tolerated except for a short period 
during the most severe intracardiac manipulations. The alarming reactions of the heart are lessened 
by the adequate use of quinidine before, and of procaine during operation; and with our present 
technique the various manipulations are well borne. 

The fatal cases. Three of the eleven died. They were older patients and we think this adds 
greatly to the dangers. 

In Case 5, a woman aged 35, and in Case 9, a man aged 29, the circumstances were similar. It 
was very difficult at operation to decide whether the obstruction was valvular or infundibular, and 
after some deliberation it was decided to explore the lesion and to attempt valvulotomy. Both 
patients died and necropsy revealed a high, densely fibrous infundibular stenosis (in the older patient 
calcified as well) with the valves unaffected. Although infundibular resection was not performed 
but infundibular incision only, both have been included. 

The third, Case 11, a woman aged 20 years, tolerated the infundibular resection well and gave no 
cause for anxiety until the chest was nearly closed. Her blood pressure and pulse then suddenly 
failed for 2-3 minutes and after some improvement for a few minutes, this recurred and death soon 
followed. Necropsy revealed that the infundibular stenosis had contained many rather exuberant 
fibrous vegetations; these had been dislodged and several were lying loose in the pulmonary artery. 
It seems possible that embolism had occurred and was responsible for the fatal collapse. 

These three cases lead us to conclude that direct operation is best avoided in patients aged 20 or 
over, unless a large infundibular chamber is present (as in Cases 2 and 3). Indeed, patients of this 
age are a bad risk for any operation aiming at improvement of the heart condition, and a systemic- 
pulmonary anastomosis is wiser, when deterioration or the severity of the condition indicates 
operation, 

The successful cases. The eight successful cases have now been seen for varying periods from 
11 to 18 months after operation. Seven have been benefited greatly (Table III). In one, the 
improvement is as striking as in any case we have seen (Case 3): before operation he became extremely 
distressed after walking 25 yards, but within a short time could walk 4 miles and had taken on 
sedentary work; his arterial oxygen saturation had risen from 75 to 93 per cent. 

In several others the result was nearly as good. One boy (Case 6) can walk 3 miles and is playing 
football. Another (Case 7) can walk 4 miles easily instead of half a mile very slowly; his arterial 
oxygen saturation has risen from 82 to 91 per cent: his heart has, however, increased more than any 
of the others. Another (Case 4) who underwent infundibular dilation only,{became very distressed 
and squatted after walking 20 yards; he now walks about all day, climbing stairs without any diffi- 
culty, and is almost without cyanosis: whereas he used to spend almost all his days in the house, he 
is now at boarding school. The eighth patient was improved (Case 8) but much less than the others. 

The improvement was generally noticed almost as soon as they got up after operation, and before 
leaving the hospital they could do much more than before. Often the systolic murmur became 
louder and rougher after operation and the thrill was more easily felt, but this was not always so: in 
no case was any diastolic murmur heard. The findings at operation and the condition before and 
after operation are described in the case notes that follow. 
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TABLE Il 
DETAILS OF 8 SUCCESSFUL CASES OF INFUNDIBULAR RESECTION OR DILATATION 











en a ge Exercise tolerance 

— Sex Age as Result* ee ee ee 

, sa Before After 

I F 13 Low Good (18) 100 yards 1 mile 

2 | F 20 Low V. good (16) 1 mile 4 miles 

3 M 19 Low V. good (15) 50 yards 4 miles 

4 M 14 Moderate V. good (15) 200 yards 2 miles 

6 M 14 Moderate V. good (13) } mile 4 miles 

7 M 12 Moderate V. good (12) sometimes 4 mile 3 miles 

8 F 21 High Fair (12) + mile 2 miles 

10 F 7 High V. good (11) 200 yards 2 miles 

* 


The figure in brackets indicates the number of months after operation. 


CLINICAL AND OPERATION NOTES OF SUCCESSFUL CASES* 


Case | (0080), aged 13, was seriously disabled, walking only 100 yards without a rest and rarely 
attending school for long. Cyanosis and clubbing were both moderate and the hemoglobin was 
128 per cent. The heart did not seem enlarged but severe scoliosis made exact measurement 
difficult. There was a blowing systolic murmur in the pulmonary area without a thrill. Although 
no bulge indicating an infundibular chamber was seen on the plain radiograph, angiocardiograms ° 
revealed a typical oval chamber below the valve level (Fig. 6). 

She was under observation for a year, and even with encouragement, never walked more than a 
quarter of a mile slowly with rests; and her mother thought that she was getting worse. 

Infundibular resection, November 29, 1948. An obvious large infundibular chamber was 
displayed, measuring some 52-5 cm.; it was thin-walled and for the most part covered by a 
thin layer of muscle fibres, although dark blue blood could be seen through the most distal fibrous 
portions. A soft thrill originated from the base of this chamber and the jet could be felt impinging 
on the anterior wall. With the 7 mm. punch, almost a complete circle of the stenosed ostium was 
successfully resected. In the specimen (Fig. 10) the narrow, fibrous channel is well displayed; a 
small gap of about 2 cm. is missing to complete the circumference. After resection of the ostium a 
pair of dilating forceps was twice inserted and opened wide. All the manipulations were well borne 
and she made a smooth recovery. On discharge from hospital she was already improved; her 
arterial oxygen saturation was 85 per cent and the hemoglobin had fallen from 128 to 110 per cent. 

Four months later she was leading a normal quiet life and about all day except for breakfast in 
bed. She had walked half a mile more easily than 100 yards before, the colour was nearly normal 
and the fingers less clubbed: she was allowed to start school. 

Eighteen months after operation her improvement was maintained and she was attending school 
regularly and was able to walk a mile without resting. She still seemed very frail and the improve- 
ment was good but not as good as in many cases. The heart did not seem any larger and the 
hemoglobin had not risen again (110 per cent, average). 

Case 2 (CB11), aged 20, could do little more than walk from one room to another, and always 
went about in a chair until she was 14 years of age. Between 14 to 18 she became able to do much 
more, and thought that it was real improvement. She was working as a student and was just able to 
walk a mile slowly. She squatted constantly. Cyanosis at rest and clubbing of the fingers were 
only slight (hemoglobin, 120 per cent). 

There was a rather loud systolic murmur in the pulmonary area with a systolic thrill. The 


* To shorten the case notes, details given on page 412 and in the tables (blood counts, the size of the heart, etc.) 
are not repeated. 
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heart was enlarged: there was some prominence in the pulmonary region that was finally regarded 
as a dilated infundibulum beyond the stenosis (Fig. 3). Cardiac catheterization and angiocardio- 
graphy confirmed the diagnosis. 

A year later she was losing ground; she could do less and was rather more cyanosed. 

Infundibular resection, December 9, 1948. A large infundibular chamber was displayed, 
measuring some 63-5 cm., the proximal half covered with a thin and diminishing layer of 
muscle fibres. A powerful thrill could be felt at the base of the infundibulum and a fine jet-like 
stream of blood was evident. The sinuses of Valsalva were very large and well-formed; no thrill 
could be felt in the pulmonary artery, which above the sinuses was smaller than normal. 

It was not possible to resect a circular fragment of the stenosed ostium, as was done in Case 1, 
but several bites were made and a number of segments obtained, each being characteristic of the 
fibrous, vegetated margin of the stenosed orifice (Fig. 11). 

The character of the thrill completely changed after this resection from a high pitched fine one to 
one of lower intensity and greater volume. The operation was well-borne and she made a good 
recovery. 

Two months later she was able to get about well and did not squat. Nine months after operation 
she was able to walk 2 or 3 miles, without dyspnoea even on hills, and was playing tennis and swim- 
ming, and had rowed a dinghy with three people in it two miles—all activities that would have been 
quite impossible before. The hemoglobin had fallen from 120 to 89 per cent, and the arterial 
oxygen saturation had risen from 88 to 93 per cent. The heart had increased in size slightly, c.t.r. 
61 instead of 56. 

Sixteen months after operation she was leading a normal student life, walking 4 or 5 miles a day. 
She could dance all evening or even run on the level and noticed no symptoms except some dyspneea 
if she ran up 2 or 3 flights of stairs. Her colour was normal except for slight cyanosis in the nails; 
the clubbing had disappeared. She had occasional paroxysmal tachycardia. There was no further 
increase in the size of the heart. 

Case 3 (0185), aged 19, could not walk more than 100 yards on a good day, and in the ward only 
a few steps without great distress. There was moderately severe cyanosis and clubbing. His 
brother had died with Fallot’s tetralogy. 

There was a systolic murmur and thrill in the pulmonary area, getting rather louder lower 
down. The heart was not enlarged. On screening it was rather central with an obvious promi- 
nence due to an infundibular chamber of moderate size (Fig. 4). The pulmonary arteries were 
easily seen but there was no pulsation and the lungs were oligemic. Angiocardiograms confirmed 
the early right to left shunt and the presence of the infundibular chamber. 

Infundibular resection, March 3, 1949. The infundibular chamber measured 4°5x3 cm.: it 
was thin-walled and covered with muscle in its proximal part, and dark blue distally; the pulmonary 
artery was small with small sinuses of Valsalva. 

Punch resection resulted in removal of 9 separate fragments of tissue from the stenosed area: 
most were covered with thickened fibrous endocardium. After resection the ostium was further 
enlarged by dilatation with forceps. The thrill became much more powerful, and the infundibular 
chamber could be seen to be distended freely with each heart beat. His condition was good at the 
end of operation. 

Three months later his colour was good though cyanosis was just present; the clubbing of his 
fingers had improved. He could easily walk a mile and was getting about all day. 

Nine months after operation he was walking at an ordinary rate up to 4 miles and did regular 
work; his colour was almost normal. The hemoglobin was 112 instead of 130 per cent: the 
arterial oxygen saturation had risen from 76 to 93 per cent. 

Fifteen months after, his progress was still excellent, but there had been no further improvement. 
The increase of heart size was hardly significant and the physical signs were unchanged. 

Case 4 (P074), aged 14, had been diagnosed as Fallot’s tetralogy by Dr. Shirley Smith when he 
was three years old. He had been able to walk 2 miles when 5 years old, but could now only 
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manage 200 yards in summer, and in winter rarely walked outside the house and had to be helped 
upstairs. He squatted frequently. Cyanosis was moderate (hemoglobin, 132 per cent). 

There was a rough systolic murmur maximal in the pulmonary area but audible as far down as 
the apex. A thrill was felt on occasions. The heart size was just within normal limits, with some 
prominence, probably due to a dilated infundibular chamber. Angiocardiography confirmed a 
large right to left shunt with poor filling of the lungs especially on the right side; the left pulmonary 
artery was large but the right pulmonary artery was not demonstrated. 

Dilatation of infundibular stenosis, March 8, 1949. A left postero-lateral incision was made, with 
resection of the Sth rib, the intention being to do a systemic-pulmonary anastomosis. A well- 
marked infundibular chamber was present—thin-walled and about 2:5 cm. in length, with a typical 
thrill arising from its proximal portion. The pulmonary trunk was slightly smaller than normal and 
the sinuses of Valsalva were present. 

In view of the absence of a right pulmonary artery of any demonstrable size, we hoped that it 
would be possible to use a large branch of the left pulmonary artery for anastomosis. Unfortunately 
none arose before the artery entered the lung and it was considered unsafe to occlude the left 
pulmonary artery itself to make an anastomosis. Fortunately, by prolonging the incision forwards, 
it was possible to gain good access to the right ventricle below the infundibulum. 

A probe was inserted and confirmed a tight, small ostium, and the punch was next introduced 
but only a small fragment of tissue could be obtained: two further attempts failed to secure any 
tissue. The left little finger was now inserted; the infundibular orifice was located and firmly 
dilated so that the finger passed right through the pulmonary valves, which felt normal. The 
manipulation was well tolerated and his condition was satisfactory at the end. 

After a short period of anxiety he did well and three weeks later was walking about freely 
without distress or cyanosis. The hemoglobin had fallen to 103 per cent. 

Six months after operation he seemed a different boy and had grown 2 inches and put on 12 Ib. 
in weight. He was getting about all day without symptoms, and could walk 2 miles and run 
upstairs instead of being helped; he had lost all visible cyanosis even after exercise. The physical 
signs were not greatly changed though perhaps the systolic murmur was louder. 

He was allowed to start school, which he had only attended one term previously, as it had been 
found that he had to rest the greater part of the time. 

Fifteen months after operation his progress was equally satisfactory. He had been regularly at 
school and was playing cricket, and was able to get about all day and run upstairs. His colour was 
normal except for very slight cyanosis in the nails. His heart size was larger than before operation 
but almost identical with the size a few weeks after, and his hemoglobin had not risen again. 

Case 6 (0263), aged 14, had managed to walk a quarter of a mile in the last two years, though till 
11 years he had generally been pushed about in a chair. Neither the cyanosis nor the clubbing, nor 
the polycythemia were severe (hemoglobin 116 per cent). 

There was a rough systolic murmur and thrill in the pulmonary area with a pulmonary second 
sound that was louder than usual. Radiography showed the outline of an infundibular chamber: 
angiocardiography confirmed this and also a moderate infundibular stenosis and an aorta that was 
much less over-riding than usual, this agreeing with his relatively slight cyanosis and polycythemia, 
but the arterial O, saturation was down to 84 per cent. 

Infundibular resection, April 12, 1949. The infundibular chamber extended about 2 cm. below 
the level of the valves and was covered by a complete thin layer of muscle. The stenosed ostium 
was unusually firm and considerable pressure had to be exerted to pass the punch through it; a good 
portion of an extremely fibrous irregular margin was removed. His condition was poor for 
several days after operation but he then made a good recovery. 

Six months after operation, his colour was just not normal and slight cyanosis could be seen in the 
nails. He had walked 3 miles and played football and his mother found it difficult to restrain his 
activity. The systolic murmur and thrill were striking and rather louder than before operation. 

The heart was a little larger, the c.t.r. having increased from 48-5 to 52. There was possibly a 
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little more prominence of the infundibulum and the pulmonary circulation seemed to have increased 
on radioscopy. 

A year after operation his progress was equally good. 

Case 7 (0089), aged 12, was much disabled, though sometimes he could walk half a mile. The 
cyanosis, clubbing, and polycythemia were moderate (hemoglobin 133 per cent). 

There was a rough systolic murmur in the pulmonary area and a thrill, with a normal pulmonary 
second sound. The heart was sabot shaped and not enlarged. Angiocardiography confirmed the 
over-riding aorta and an obvious infundibular chamber was revealed. Even after angiocardio- 
graphy and cardiac catheterization, some doubt was felt as to whether the blood flow to the lungs 
was much reduced, but it was thought that the increased shadows were due to collateral circulation 
and that he would benefit from operation. 

Infundibular resection, June 20, 1949. One month after operation the hemoglobin had fallen 
from 133 to 95 per cent: the arterial O, saturation had risen from 82 to 91 per cent. 

Six months after operation he was a changed boy. He was getting about all day with no 
symptoms and had walked four miles. His colour was almost normal and his fingers showed much 
less clubbing. The physical signs were the same except that the systolic murmur and thrill were 
much more obvious: the heart had become larger, c.t.r. being 52 instead of 48. 

A year after operation his condition was equally satisfactory and there was no further increase in 
the size of the heart. 

Case 8 (0102), aged 20, could walk half a mile without a rest or up to 2 miles slowly with rests, 
but had not been able to do more than helping her mother at home. She had been over-treated up 
to the age of 12 and taken about in a bath chair. Cyanosis was slight. 

The heart was not generally enlarged but the prominence of the pulmonary region was at first 
thought to indicate Eisenmenger’s complex and only later recognized as dilatation of the infundi- 
bulum beyond the stenosis. There was a fairly harsh systolic murmur in the pulmonary area with 
a slight thrill. Catheterization and angiocardiography confirmed a moderate overall right to left 
shunt and a high infundibular stenosis (see p. 413). She was dissatisfied with what she could do and 
was very anxious for help by operation. 

Infundibular resection, July 7, 1949. The presence of a high infundibular stenosis with a well- 
marked thrill was confirmed. The punch resection cut audibly through firm fibrous tissue and four 
fragments were severed; a finger was then inserted and the canal dilated; the finger passed through 
into the pulmonary artery. The operation was well tolerated and her general condition was good 
until some four days after when she became blue and not so well. She improved before discharge 
from hospital but was not really satisfactory. 

Four months after operation her cyanosis was hardly visible but it had always been slight. Her 
hemoglobin was still 118 per cent. She thought she could get about more easily but had not really 
walked a greater distance and still noticed some tightness in the chest on exertion. The physical 
signs and the size of the heart were unchanged. She was advised to increase her activity and to try 
to get light work. 

Twelve months after operation she was better, and had managed light work each afternoon for 
five months as well as more housework at home. The improvement has been classed as only 
moderate, though she could now walk 2 miles without resting. 

Case 10 (PO25), aged 7, could walk about 100-200 yards and play in the garden for half an hour or 
so. Up to the age of 2 she had many severe attacks, particularly after meals, but did not often go 
quite unconscious in them; these attacks continued but were less severe and less frequent. The 
cyanosis and polycythemia were moderate (hemoglobin of 130 per cent). 

The heart was only slightly enlarged. The lung fields were light with a rather striking promi- 
nence of the left border, that was thought to be a high infundibular dilatation. Angiocardiography 
confirmed Fallot’s tetralogy with a high infundibular stenosis. 


Infundibular resection, July 18, 1949. The thrill was located about 2 cm. below the level of 


the valves, which seemed normal. The orifice of the infundibular stenosis felt very small when a 
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probe was passed and resection resulted in 3 fragments of the typical crenated edge of a diaphrag- 
matic stenosis. The ostium was then dilated with forceps. 

She did very well after operation with excellent colour from the start. Her return home was 
delayed by a low irregular fever for no obvious cause, but even before leaving hospital she was 
getting about better. Ten weeks after operation she was walking about much better and free 
from her attacks. The heart size was somewhat increased, c.t.r. 56 instead of 52. The hemoglobin 
had fallen from 130 to 92 per cent. 

Eleven months after operation the result was excellent. Her colour was almost normal and she 
was getting about all day. She could walk 2 miles with ease and could spend all morning in town 
with her mother; she had lost her attacks of faintness. The heart size had not increased further; 
the systolic murmur was rougher: and the hemoglobin had not increased again. [Her father has 
written since to say that she won an obstacle race at a local show.] 


ENLARGEMENT OF THE HEART AFTER OPERATION 


The increase in the size of the heart after a successful systemic-pulmonary anastomosis has been 
looked on as one of the drawbacks of this operation. It seemed that direct operation would be less 
likely to be followed by this and might, in the course of time, lead to a reduction in the right ventri- 
cular hypertrophy. We were surprised to find that some cardiac enlargement followed in several 
cases, but perhaps we should have expected it. Heart size on radiology depends mainly on the 
size of the chambers rather than on the hypertrophy, and if the right ventricle is to pump more 
blood to the lungs it must have a greater capacity and may appear larger. 

The increase in size is shown in Table IV and has not been great in any case, though a little 
more than we would choose in Case 2, as her heart was the largest before operation. 

The average increase in maximum transverse diameter was a little less than 1 cm. but was just 
over this in 5 cases. A small part of this was due to the growth of the heart and chest as a whole. 
The average increase in the cardio-thoracic ratio was from 49-6 before to 52-6 per cent six to eighteen 
months after operation. This average figure after operation is just the same as in a much larger 
series of cases of Fallot’s tetralogy after the Blalock-Taussig operation (Baker e a/., 1949), but the 
increase there was a little greater as the average c.t.r. before operation was only 48-1 per cent. As 
after the Blalock operation, the increase in size is generally found within a month or two and does 
not appear to be progressive. 


TABLE IV 
HEART Si1zE BEFORE AND AFTER OPERATION OF INFUNDIBULAR RESECTION 





Cardiothoracic Maximum transverse Diameter of 
Case Reference ratio diameter (cm.) chest (cm.) 
No. No. 
Before After* Before After Before After 
I 0080 45 45 (18) 10-5 10-5 23°5 23°5 
2 CBII 56 61 (16) 12-0 13:5 22:5 22:0 
3 0185 47 48 (15) 12:0 12:4 25°5 25:8 
4 P074 51 56 (15) 10:2 12-0 20-0 21-5 
5 PO6I 50 11-75 23°5 : 
6 0263 48-5 52 (6) 11-2 12-4 23 23-7 
7 0089 48 53 (12) 11-5 13-0 24 24:5 
8 0102 49 49 (12) 12-2 12:2 25 25 
9 P063 52 13-2 25:5 
10 P025 52 57 (11) 10-0 11-2 19 19-6 
11 0224 49 12:0 24-5 
Average (8 cases) 49-6 52:6 11-02 11-97 22°8 23:2 








The figure in brackets denotes the months after operation of the last available teleradiogram. 
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ELECTROCARDIOGRAPHIC CHANGES AFTER OPERATION 


Changes in S—T and T waves, similar to those seen after muscle injury, have been found in all 
these patients for some weeks after section of the heart muscle at operation; they have not, however, 
been associated with pain or any symptoms similar to those found with coronary disease. 

When continuous electrocardiograms are taken during these operations, and for this we are 
indebted to Dr. Geoffrey Reynolds, considerable changes take place in most cases. Nodal rhythm 
and other changes in the pacemaker are both seen frequently, but are not very uncommon in cases 
of congenital heart disease under normal conditions. When procaine is first injected into the 
ventricle, ventricular extrasystoles are generally observed. When the incision is made, these are 
more frequent and often occur in groups of two or three successive extrasystoles. These changes 
increase with the use of the punch and still more when the finger is passed through the stenosed 
region for dilatation, and S-T changes may appear at this time, but tend to be in the same direction 
in all leads, rather than reciprocal in leads I and III, and flat rather than of the cove-shaped coronary 
type. 

These changes have in general almost if not quite disappeared within hours or a day after 
operation. A week or more after operation changes of quite a different type appear and develop 
and disappear again—a cove-shaped S—T with T inversion in lead I and a reciprocal rise of T in 
lead Ill. In the earlier cases the records after operation were at intervals of some weeks, so that 
one can only time the changes roughly, and can only say that they were present at 3 weeks (twice), at 
4 weeks, (once), and at 5 weeks (once). More frequent records were therefore taken to time their 
onset and disappearance more precisely, and in these later cases the changes are shown about a 
week after operation. For example, in Cases 6, 7, 8, and 10 there was little or no evidence of a 
change in records taken 8, 5, 4, and 5 days respectively after operation, but changes had started at 
12, 10, 8, and 10 days respectively, and were quite advanced in the last instance. 
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Fic. 12.—Electrocardiographic changes after infundibular resection in Case 6. (A) Before operation, (B) | day 
after, (C) 3 days after, (D) 11 days, (E) 15 days, (F) 20 days, (G) 28 days, (H) 36 days, and (J) 5 months after 
operation. 


The changes were progressive for two or three weeks. In Case 6, for example, they progressed 
from 12 to 28 days (Fig. 12), and in Case 8, from 8 to 20 days at least (Fig.13), in both these with 


little or no significant change during the fourth and fifth weeks: in Case 10 they progressed from 
10 to 16 days at least (Fig. 14) and did not show much change from 4-8 weeks. 
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a Pe hai beet 
B _& D E F G H J K 
Fic. 13.—Electrocardiographic changes after infundibular resection in Case 8. (A) Before operation, (B) 4 days 
after. (C) 8 days, (D) 12 days, (E) 16 days, (F) 21 days, (G) 27 days, (H) 40 days, (J) 45 days, and (K) 4 months 
after operation. Size reduced by one-sixth. 




























































































A B 3 D E F G 
FiG.14.—Electrocardiographic changes after infundibular resection in Case 10. (A) and (B) before operation showing 
that some degree of T I inversion may occur from time to time in these patients, presumably when there is a 
greater degree of anoxemia, (C) 5 days after, (D) 10 days, (E) 28 days, (F) 52 days, and (G) 6 months after 
operation. 
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In general, the changes in the V leads are more striking 
VL and VI to V3 or V5 than in lead I. 


Recovery generally started at from 6 
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r 3 months after operation. 
































and T is generally more inverted in leads 

In Case 10 they were deepest in leads V2 to V6. (Fig. 15). 
to 8 weeks after the operation and was always complete as 
far as the standard leads were concerned by 7 months, and generally by 4 or 5 months, or perhaps 
sooner as we have relatively few records 2 0 


Thus, some degree of return 
to the levels before operation was seen at 7 weeks (Cases 3 and 6), 


at 6 weeks (Case 8), at 8 weeks 
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F1G. 15.— Unipolar chest leads, V1 to V6. from € 
(A) (12/4/49) Before operation. (B) (26 
fairly deep inversion from V2 to V5 
has disappeared though T is stil! inver 
zation is | MV.=0-§5 cm. in (C). 


‘ase 10, showing the development of deep T inversion and its recovery 
8/49) Five weeks after operation, showing T inversion in all six leads and 
(C) (12/1/50) Six months after operation, showing that most of the inversion 
ted in V4 and slightly in V5 and V6 where it was not previously. Standardi- 
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(Case 10), and slightly (in Case 7) as early as 25 days. It was complete in the standard leads before 
4 months (Case 1), before 5 months (Cases 3 and 6) and before 6 months (Case 6), but in the last 
three there was still some inversion of T in leads V2 and V3 that had not been present before 
operation. 

The changes in the V leads generally last longer and are often present after 6 months, and in Cases 
2 and 4 after 15 months, but had almost disappeared in Case | as early as 3 months. 

These changes—the cove-shaped S—T and T inversion in lead 1, with a reciprocal rise of T in 
lead I111—are quite different from the changes observed during operation, and it seems that they are 
caused by the process of injury and repair in those parts of the muscle and its blood vessels that 
must be cut during operation, i.e. in the anterior part of the right ventricle. They are somewhat 
similar to the changes seen after cardiac infarction but are not associated with the development of 
Q waves: we have not seen these in any records except occasionally in leads III or VR, where they 
seemed to be normal waves without any progressive changes. This would suggest that the changes 
observed are due to injured muscle and not to dead muscle as in cardiac infarction. The possibility 
that they are due to pericarditis has also been considered, and some slight degree of pericarditis, 
even with a small effusion, may well have been present in some cases, though not to the extent that 
it has been diagnosed clinically. It is more usual for the changes of pericarditis to be visible in all 
leads and to be in the same direction, without the reciprocal relation observed here in leads I and 
III, and this is more in accordance with the electrocardiographic changes being due to injured 
muscle. They are not, however, associated with any particular symptoms and few patients have 
complained of more pain than would be expected after an operation on the chest, except Case 3, who 
was thought to have a small pulmonary infarct. 

On general principles these patients have been kept in bed considerably longer than patients who 
had had subclavian-pulmonary anastomosis, usually for three or four weeks and rather more than 
this if there has been any significant post-operative pyrexia or other symptoms. As soon as they 
have got up they have been able to get about with less dyspnoea than before and with no signs of 
pain, and their progress subsequently has been satisfactory and in no case delayed by symptoms or 
pain in the chest. Case 8, who did complain of some sternal tightness on walking, had noted this 
symptom more severely before her operation. 

In view of the absence of symptoms and the rapid improvement in these patients’ condition we 
cannot think these electrocardiographic changes of serious significance. No similar changes have 
been found in cases of mitral stenosis where the surgical approach to the valve has been through 
the auricle. 


SUMMARY 


The pulmonary stenosis of Fallot’s tetralogy may be valvular but is more often infundibular. 
Infundibular stenosis is generally localized and often recognizable by the dilated infundibular 
chamber beyond it, especially after angiocardiography. 

As the results here reported show, infundibular stenosis can be relieved by direct operation and 
this should improve the condition of the patient without any corresponding drawbacks. 

Eleven patients submitted to resection or dilatation of the infundibulum are reported. They 
were all thought to have Fallot’s tetralogy of moderately severe degree and of the same type as those 
chosen earlier for subclavian-pulmonary anastomosis. They were rather older but perhaps a little 
less disabled as the more disabled and younger patients had been chosen for earlier operation. 
Even so, their disability and cyanosis were moderately severe. The polycythemia was also moderate 
and the hemoglobin averaged 131 per cent. 

Three patients died after operation. They were all aged 20 years or more and this should 
probably be a contra-indication to direct operation unless a well-marked infundibular chamber 
can be demonstrated. In younger patients the operation does not seem to be as dangerous as 
might be expected. 
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The eight survivors have now been seen for varying periods from I1 to 18 months after operation. 
Seven have benefited greatly. In one, for example, a boy of 19, the improvement is as striking as 
in any cases we have seen. Within a short time he can walk four miles instead of 100 yards, and has 
taken on sedentary work. His arterial oxygen saturation has risen from 75 to 93 per cent and his 
heart size has hardly increased (Case 3). 

In several of the others the results are nearly as good as this. One boy can walk three miles and 
is playing football (Case 6); another is getting about all day and walking four miles instead of half a 
mile very slowly (Case 7). The only one of the eight where the results are not so good, a girl, aged 
19, can walk more quickly, but not much further, and has managed to start light work, which was 
the main purpose of her wanting an operation. 

In general, the heart increases slightly in size, presumably with the extra output that is possible 
from the right ventricle. The average increase is of the same order as that found after a successful 
Blalock operation and the average cardio-thoracic ratio has increased from 49-6 to 52-6 per cent. 
The increase generally appears within a month or two and does not seem to be progressive. 

In these operations, where the muscle of the right ventricle has been cut, certain electrocardio- 
graphic changes that appear to be due to injury of the muscle are seen during the following weeks. 
About 7-10 days after operation, there is a cove-shaped S-T and commencing T inversion in lead | 
with recripocal changes in lead III; no Q waves have been observed. These changes increase in 
degree for about three weeks and the T inversion may be of considerable depth. During the fourth 
and fifth week these changes are generally stationary and thereafter in the sixth or eighth week 
gradually diminish and disappear in the standard leads by four months, though they persist longer 
in the unipolar chest leads. 


We should like to thank Dr. T. H. Hills for the angiocardiograms, and Dr. Geoffrey Reynolds and Mr. F. H. 
Muir for the many electrocardiograms taken. We are indebted to Dr. Holling and Dr. Zak for most of the results 
of cardiac catheterization, and to Dr. Paul Wood for those of Case 3. 
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PROCEEDINGS OF THE BRITISH CARDIAC SOCIETY 


The TWENTY-NINTH* ANNUAL GENERAL MEETING of the British Cardiac Society was held at the 
Westminster Hospital, on Thursday, May 25, 1950. Chairman: SiR ARNOLD Stotr. The Chair- 
man took the chair at 9.30 a.m.; 104 members and 34 visitors were present. 


PRIVATE BUSINESS 
1. The minutes of the last Annual Meeting having been published in the Journal (11, 407, 1949) were taken 
as read, and confirmed. 
. The balance sheet for 1949-50 was presented, having been audited and found correct by Boyd Campbell 
and Perry. The credit balance on April 28, 1950, was £156. 
3. G. E. S. Ward and K. D. Wilkinson were elected members of the Council in place of Geoffrey Bourne 
and J. R. H. Towers (terms of office expired). 
4. The following were elected Extra-ordinary Members: Hugh Barber, T. F. Cotton, B. T. Parsons-Smith, 
and A. F. Rook. 
5. The following Associate Members were elected as Ordinary Members: C. G. Baker, V. G. M. Hamilton, 
S. Oram, C. Papp, C. A. Parsons. 
6. The following Associate Members were elected: 


tr 


W. H. R. Cook, Liverpool H. E. Holling, London. 
H. A. Dewar, Newcastle-upon-Tyne F. Jackson, London 
R. Byron Evans, Cardiff I. Macpherson, Leeds 
J. F. Goodwin, London J. P. Shillingford, London 
7. The following Associate Members were re-elected for a further period of three years: 
D. R. Allison W. A. Oliver 
R. G. Anderson R. Kemball Price 
R. Hartley R. W. Turner 
Ronald Jones H. E. S. Pearson 
G. Konstam J. R. B. Hern 


R. W. Luxton 

8. The question of guests to the Annual Dinner was considered. It was proposed by Hill and seconded 
by Maurice Campbell that anyone introduced to read a paper may be invited to the Annual Dinner 
by the member introducing him, this rule applying only to the individual who actually delivers the 
paper. 

9. Reference was made to Rule 10. ‘* Associate Members shall be elected for three years, and shall be 
eligible for re-election as Associate Members or for election as Ordinary Members. They shall take 
part in the scientific business but not in the private business of the Society. They will be expected to 
resign if they cease to be qualified as Associate Members.” 

The Chairman said that the Council had reviewed this matter at its last meeting. It considered that 
re-election of Associate Members should in future be more discriminating and that it would depend 
on Associate Members showing proof of continued interest and activity in cardiology by, for example, 
contributions at Meetings or to the Journal. 


DISCUSSION ON THE USE OF ANTICOAGULANTS 
Opened by RAE GILCHRIST, SIR JAMES LEARMONTH, R. J. MACFARLANE, and K. SHIRLEY SMITH. 


RAE GILCHRIST and JOHN TULLOCH (introduced). This communication is an extension of the 
report on anticoagulants in coronary thrombosis given to the last meeting of the Society by Tulloch, 
October, 1949 (Brit. Heart J., 12, 208, 1950). 


* There were 15 Annual meetings of the old Cardiac Club and this is the 14th meeting of the reconstituted Society, 
including the 1944 meeting under the chairmanship of Sir Thomas Lewis, which was represented by a business meeting 
only, as the general meeting had to be cancelled owing to the flying-bombs. 
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Mortality rates recorded amongst hospital patients during the first six weeks after a coronary 
occlusion vary greatly in different centres. Our Edinburgh experience is based on two series of 
patients treated by conventional methods exclusive of the use of anticoagulants. The first group, 
consisting of 100 consecutive patients admitted immediately preceding our trial of anti-coagulant 
therapy, had a mortality rate of 43 per cent. The second group, forming the present control series 
of 84 consecutive patients, observed concurrently during the use of heparin and dicoumarol, had 
a mortality rate of 41 per cent. This implies that four patients in every ten admitted to hospital 
on account of this disease may die within the first six weeks. This is the challenge which as cardi- 
ologists we must be prepared to face. 

Anticoagulant therapy has been employed in 70 consecutive patients. The control group of 
84 patients were treated by the usual conventional methods. The choice of treatment for each 
patient was governed by the day of the week on which he arrived in hospital. This determined his 
inclusion in one or other medical pavilion, in one of which anticoagulants were in use and in the 
other, excluded. No patient was admitted to hospital for the specific purpose of anticoagulant 
therapy. The two groups are therefore unselected. 

In respect of sex and age distribution, the pre-existing state of the heart muscle as determined by 
the usual clinical methods, the severity of the attack of coronary occlusion as judged by the degree 
of shock, and the duration of the acute illness before the patient came under treatment by one or 
other method, the two groups on analysis are found to be sufficiently homogeneous to warrant 
comparison. 

In the treated group, heparin was given by the interrupted, intravenous injection method, the 
interval between doses being eight hours. Each injection consisted of 10,000 units of heparin. 
Its efficacy was assessed by estimation of the clotting time one hour after injection. Dicoumarol 
was started on the first day of admission, the initial dose being 300 mg. in the first 24 hours, 200 mg. 
in the second and 100-200 mg. on the third day, all subsequent doses of dicoumarol being deter- 
mined in relation to the daily estimation of the prothrombin time. Heparin was usually dis- 
continued on the third day, by which time the prothrombin estimations indicated that the dicou- 
marol was proving effective. Treatment with dicoumarol was maintained for three weeks, the 
prothrombin time being kept in the neighbourhood of 28 seconds. 

In the control group of 84 persons, 34 died within six weeks of admission, giving a mortality of 
40 per cent. This contrasts with the 16 deaths amongst 70 persons in the treated group, with a 
mortality rate of 23 per cent. We do not claim that these figures as they stand are necessarily 
statistically significant for such small groups, but when the men in the control and treated groups 
are compared, it is found that the mortality rates respectively were 33 and 15 per cent—a difference 
of statistical significance. We conclude that in men efficient anticoagulant therapy during the 
first six weeks after coronary occlusion is capable of reducing the death rate by half. It remains 
to be established whether women obtain as much benefit. 

Of the control series of patients, 29 per cent developed thrombo-embolic complications while 
under observation, as a result of which 13 of the 84 patients died. Ten of these deaths were directly 
attributable to the thrombo-embolic complications in one form or another. On the other hand, in 
the treated group, 9 of 70 patients developed thrombo-embolic complications, of whom 4 died, 
death being attributable to the embolic episode. The incidence of complications in the treated 
group was 13 per cent—less than half that observed amongst the controls. When the control and 
treated groups are compared, there is a statistically significant difference in the incidence of 
complications. 

It is too early to conclude that anticoagulants used during the acute phase of the disease process 
influence the ultimate outcome. The immediate prognosis is undoubtedly improved, the mortality 
rate being reduced by half during the first six weeks of treatment. If anticoagulants limit the extent 
of the infarcted area in the heart muscle, then it may be that patients treated in this way may 
ultimately have a better expectation of life. 

Anticoagulant therapy cannot succeed in the absence of strict attention to the established methods 
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of treatment. It does not shorten the stay in bed. It has its limitations and contra-indications, 
but it should be considered for every sufferer from coronary thrombosis. This implies an extension 
of laboratory facilities and a greater number of hospital beds set aside for this purpose. 

SiR JAMES LEARMONTH (introduced) gave an account of his experience with anticoagulants in the 
treatment of peripheral vascular diseases. In arterial emergencies, the object is to prevent the 
occurrences of consecutive thrombosis; in venous emergencies, to stop the extension of the clot. 
The procedure should be the same in both: intravenous heparin immediately, in a dose of 12,500 
units, followed by doses at 8 a.m. (12,500), 12 noon (10,000), 4 p.m. (10,000) and 8 p.m. (12,500), 
and as soon as possible one of the newer coumarin preparations (tromexan, pelentan) by mouth, 
the dose being 1-2 g. on each of the first two days, followed by 0-3 to 0-6 g. according to the pro- 
thrombin readings. In 80 per cent of cases the prothrombin level falls to under 50 per cent of 
the normal within 36 hours. When it reaches 40 per cent of normal, heparin can be discontinued, 
and the dosage of coumarin adjusted to keep the prothrombin between 20 and 40 per cent of normal. 
If for any reason heparin is used alone, it is important not to stop the drug suddenly, and in cases 
of venous thrombosis to continue it until the patient is up and about. It is possible to continue 
the administration of tromexan or pelentan {or months while the patient continues at work (e.g. in 
treating thromboangiitis obliterans) without more than an occasional (fortnightly) estimation of 
prothrombin, once a level has been established. 

Of 22 cases of sudden arterial occlusion in which anticoagulants were given from the first, six 
required early exploration or embolectomy; two required amputation (late cases); two died of 
further multiple emboli: and 12 showed immediate and continuing improvement, although one, 
an elderly patient, died on the ninth day from cerebral hemorrhage. Heparin also relieved the pain 
of embolism, probably through its vasodilator effect. In sudden arterial occlusion, conservative 
treatment should be adopted in the first instance—anticoagulants, morphia if necessary, and reflex 
vasodilatation: except when an embolus has lodged at the aortic bifurcation, or when an embolus 
has previously lodged in the same limb. Anticoagulants will not alter the level of a line of de- 
marcation already clinically evident. Heparin is not used post-operatively after suture operations 
on blood vessels. The treatment of acute venous occlusions requires in addition elevation of the 
limb until oedema has subsided, and after a further ten days or so light massage. 

In 157 cases there have been 16 complications, none being serious: hematuria (7), hemoptysis (1), 
hematemesis (1), epistaxis (2), hematoma (2), and cutaneous petechial hemorrhage (3). Four 
patients died during treatment. In two necropsy showed only myocardial failure, in one massive 
cerebral hemorrhage (prothrombin level 20 per cent normal); in the fourth necropsy was refused, 
but the probable cause of death was cerebral hemorrhage. 

R. G. MACFARLANE (introduced). Anticoagulant therapy is based on the suppositions that 
pathological thrombosis is the direct result of blood coagulation, and that anticoagulants inhibit 
blood coagulation in vivo. This conception is probably an over-simplification, and other factors 
are likely to be concerned. Blood coagulation is the result of a disturbance of the normal equili- 
brium between the coagulant factors and the anticoagulant factors which are present in fluid plasma. 
Contact with a foreign surface, or the entry of tissue fluid into the blood stream, results in stimula- 
tion of thrombin generation, and if the rate of this exceeds the rate at which thrombin is destroyed 
by antithrombin, clotting is likely to occur. The conditions of blood flow are therefore important 
in determining whether or not a local concentration of thrombin sufficient to produce clotting can 
be achieved. Stasis of the blood in a situation where thrombin generation is taking place favours 
massive coagulation, whereas a more rapid flow will cause the thrombin to be diluted and inacti- 
vated by normal blood. In assessing the results of anticoagulant therapy it is essential to take into 
consideration the effect of modern post-operative treatment which recognizes the importance of 
maintaining a good circulation. 

Many efforts have been made to detect any pathological change in the blood coagulation 
mechanism which precedes the onset of a thrombotic episode. So far none of the many tests 
applied has been able to demonstrate any such change which could be considered to be either 
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etiologically or diagnostically significant. Thrombosis therefore appears to be the result of 
comparatively slight deviations of the normal equilibrium in the direction of increased thrombin 
generation and decreased removal. By restoring this equilibrium the anticoagulant drugs may have 
considerable clinical effect even though their action on the clotting mechanism in vivo may be 
comparatively small. Two other factors may be involved in this action. Thrombosis is probably 
favoured by vascular spasm, and evidence is accumulating to show that the anticoagulants have 
a vasodilatory effect. Secondly, agglutination of the platelets on damaged areas of endothelium 
is frequently a starting point of massive thrombosis and it is well known that the tendency to such 
platelet agglutination is reduced by the anticoagulants. A third, and more problematical factor 
is the extraordinary change in blood viscosity and cell behaviour which follows trauma or infection, 
and known as “ sludging of the blood,” which may have a considerable part in the initiation of 
thrombosis. 

K. SHIRLEY SMITH said that the assessment of the value of anticoagulants in the treatment of 
cardiac infarction must depend upon a knowledge of the incidence of thrombo-embolic complica- 
tions in infarction not treated with anticoagulants. Such information might be derived from 
clinical and post-mortem studies. The results of five large clinical series were compared. The 
incidence of thrombo-embolic compiications in the large composite series (1605 cases not treated 
by anticoagulants) of Hellerstein and Martin (Amer. Heart. J., 33, 443, 1947) was seen to be the 
same as that in the series of 432 patients reported by Wright, Marple, and Beck (Amer. Heart. J/., 
36, 801, 1948) treated by anticoagulants, namely, 11 per cent. Reviewing these statistics it could 
hardly be claimed that the general incidence of thrombo-embolic complications, judged clinically, 
in cardiac infarction was greater than 15 per cent. 

When post-mortem statistics were compared there was again a great disparity of results, and it 
was remarkable that there was a greater lack of uniformity in the statistics derived from post- 
mortem series than in the clinical series, whereas the reverse might reasonably have been expected. 

A considerable source of error in clinical material undoubtedly arose through difficulty and un- 
certainty of diagnosis of thrombo-embolic complications. In the series of 150 consecutive cases 
of cardiac infarction reviewed in collaboration with C. Papp, 20 patients were thought to have 
embolisms of one kind or another but of these, three were disproven at necropsy. For example, 
what was clinically thought to be pulmonary infarction was, in fact, pulmonary oedema and con- 
gestion. In general, signs developing in the lungs a few days after cardiac infarction were due to 
consolidation of a congested area, as right ventricular infarction was so uncommon, while lung 
signs after the tenth day were probably embolic from crural venous thrombosis. Another diagnostic 
difficulty arose with ischemic limbs; if the symptoms developed within a day or two of cardiac 
infarction the condition was not caused by embolism but by the sudden fall of blood pressure in 
extremities previously threatened. 

The speaker held that the advantageous results of anticoagulant therapy were exaggerated by 
inclusion of the lesser grade of cardiac infarction. These were not liable to thrombo-embolic 
complications. Ina series of 109 consecutive cases of cardiac infarction closely observed in colla- 
boration with Papp, 33 were classed as “ slight *; that is, they were unaccompanied by shock or 
failure, showed persisting cardiographic signs but no cardiographic or laboratory evidence of 
extensive myocardial necrosis. These patients showed a favourable clinical course, and in no 
case was there a thrombo-embolic complication. This was in accordance with the proven localized 
nature of the lesions in such cases, mural thrombosis being most unlikely. It was probably un- 
justifiable to submit these patients to anticoagulant treatment. 

The indications for the use of anticoagulants and the aims of this treatment in cardiac in- 
farction might be summarized as follows: (i) in infarction accompanied by shock, failure, sustained 
fall of pressure, and cardiographic evidence of an extensive lesion; (ii) with the aim of preventing 
cardiac infarction when pain of increasing severity or frequency seems to threaten this development: 
and (iii) with the object of prevention of venous thrombosis in the legs during the period of rest 
and impaired circulation, since this was a common cause of pulmonary embolism. 
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If pulmonary infarction had already developed it was doubtful whether the anticoagulants 
were of avail. An important corollary in treatment arose from these considerations; it was that 
therapy in cardiac infarction, whether by anticoagulants or not, should be supplemented by efforts 
to augment the respiration and the movement of the legs once the stage of shock had passed, in 
order to minimize the risk of thrombo-embolic complications. 


SALICYLATE AS AN ANTICOAGULANT 


By J. L. Lovisonp. The anticoagulant properties of salicylate have been studied in relation 
to clinical signs of salicylism in an attempt to assess its potential value in the treatment of coronary 
thrombosis. Patients were selected for this investigation who gave a short history of effort angina 
and for whom a few weeks of bed rest and anticoagulants seemed justifiable therapy. Twenty cases 
were investigated, of whom 10 were the subject of more detailed study. Few were able to tolerate 
sodium salicylate or disprin in the massive daily dose of 200 grains for many days. This produced 
a satisfactory lengthening of prothrombin time in most cases, but reduction of dosage caused 
unpredictable variations. It was only possible to maintain a therapeutic prothrombin level with 
doses of salicylate that caused symptoms of salicylism. There was a considerable personal variation 
in response, but no dangerous complication occurred. The clinical degrees of salicylate intoxica- 
tion were found to bear no constant relation to the fluctuations in prothrombin time, and only 
within their wider limits could they be used as a guide to the action of the drug on the clotting 
time. It was concluded that salicylate is an unpleasant but safe anticoagulant for domiciliary use. 


INTRAMUSCULAR HEPARIN 


By D. G. ABRAHAMS (introduced). The possibility of using heparin therapeutically by intra- 
muscular injection has been investigated. An aqueous solution of heparin 25,000 units per ml. 
was used and results showed that satisfactory anticoagulation could be obtained with twelve- 
hourly injections of | ml. There was some evidence that the dose could be decreased after two to 
three days. Local pain frequently attended thejinjection, but this was completely abolished by 
simultaneous administration of procaine. The advantages of the intramuscular route were dis- 
cussed. 


A PERIPHERAL ACTION OF HEPARIN 


By D. G. ABRAHAMS and SHEILA HOWARTH (introduced). With a plethysmograph the fore-arm 
blood flow was measured in subjects before and after injection of heparin. Following therapeutic 
doses intravenously, there was a significant rise in the fore-arm blood flow. Further investigation 
seemed to show that this rise in peripheral flow was occasioned by a direct vasodilator action of 
heparin. The significance of this finding in connection with the clinical application of heparin 
was discussed. 


ANTICOAGULANT THERAPY IN MYOCARDIAL INFARCTION—FURTHER SAFETY MEASURES 


By H. E. S. PEARSON and C. H. GREER (introduced). The results in the first 100 of a series of 
cases of myocardial infarction treated with heparin-dicoumarol or heparin-tromexan have been 
studied with the aim of reducing the therapeutic risk of anticoagulant treatment in this type of case. 

Using Toohey’s wet-brain method and expressing the results as the prothrombin time ratio, a 
therapeutic range of from 1:5: 1 to 2-5: 1 was found safe at the upper level and reasonably 
effective at the lower. Accidental high values (in excess of 3-5 : 1) occurred chiefly in the first 
4 days, resulting from the initial “ blind ” dose, and the degree of sensitivity first shown altered 
rarely and slightly. 

An attempt was made to avoid over-reaction by reducing individually the initial dose in persons 
of frail physique and poor general condition. Clinical analysis of those cases whose abnormal 
2F 
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sensitivity remained unpredicted by these general considerations showed a high incidence of con- 
gestive failure or arterial hypertension among them, and the recognition of these factors as additional 
indications for precaution would have practically eliminated over-reaction. 

It is suggested that congestive failure may increase sensitivity by prolonging the contact time 
of the drug with the liver cells as well as by causing parenchymatous damage. In our post-mortem 
records 84 per cent of the cases showed evidence of chronic passive congestion of the liver and 
43 per cent had various degrees of ischemic renal scarring. The prevalence of such changes in 
this particular type of case imposes the need of special precautions in anticoagulant dosage, and 
the use of a graduated table for the initial doses is recommended. 

Following the opening papers and the short communications on the use of anticoagulants, 
there was a discussion to which contributions were made by GOODWIN, COURTENAY EVANS, 
MorGAN JONES, EVAN BEDFORD, TURNER, PEEL, ROBERTON, WALLACE-JONES, CROZIER, HILL, 
GAVEY, and Papp. 


SHORT COMMUNICATIONS 
ELECTROK YMOGRAPHY 


By B. G. WeLts. The electrokymograph will record movements of the heart borders or 
changes in X-ray density of the heart and lung fields. Although introduced by Henny and Boone 
in 1945 it has only recently become available in this country. For this reason a description of 
experiences with the instrument and an analysis of its potentialities seems useful. 

Tracings are made on a cardiographic apparatus and reveal much more accurately than the X-ray 
kymogram the minute details of heart movement. The volume changes of the cavities of the heart 
are, however, confused by two main factors: (1) the complexity of and individual variation in the 
movements of the heart as a whole; and (2) the change towards the spherical shape that the elongated 
ventricles assume in systole. Thus, for instance,there are in the normal heart certain portions of 
the ventricular walls that show an outward movement in isometric systole. Until such factors are 
carefully studied the significance of movements of the heart borders will remain obscure. 

Tracings other than from the borders of cardiac chambers are in contrast comparatively simple 
to analyse. The borders of the pulmonary artery and aorta show tracings characteristically altered 
by stenosis or insufficiency of their respective valves. Synchronous tracings of the density changes 
in the hilus and lung periphery show the rapidity of propagation of the pulse wave in the lesser 
circulation. If the instrument were slightly modified it would give a tracing showing the quanti- 
tative density change over any area of the lung fields. Such information might well prove to be 
the most important single finding in the evaluation for surgical treatment of congenital malforma- 
tions of the heart. 


THE RADIOLOGY OF ACUTE PULMONARY CEDEMA 

By F. JACKSON. X-rays were taken during and after attacks of acute pulmonary cedema in 
17 patients with heart disease. There were 9 cases of hypertensive failure (6 with renal involve- 
ment), 3 of aortic and 5 of mitral valve disease; all but one were in normal rhythm. 

Dense cloud-like shadows extended from the hila into the central parts of the lung fields obscuring 
the pulmonary vessels and the lung markings. These opacities were always bilateral, though some- 
times greater on one side, especially when there was added lung infection. In severe cases the 
shadowing reached the chest wall but the apices were usually spared as were the costophrenic 
angles. 

The shadowing often took one of at least two forms, either a dense * blotchiness,” or a ** blurred 
reticular” appearance with a generalized loss of translucency of the lung fields. The changes 
frequently disappeared quickly, even within as short a time as 24 hours. 

Pleural effusions were uncommon, the superior vena cava was seldom dilated, and the right 
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dome of the diaphragm was not greatly elevated. Cardiac enlargement was often less than ex- 
pected, and it changed little during the attack. 


THE CESOPHAGEAL LEAD 

By C. W. C. Bain. A series of esophageal leads have been taken with a Ryle’s tube, the tip 
of which had been cut off and an electrode of German silver substituted. This was connected by 
wires running through the bore of the tube to the exploring electrode from the galvanometer. The 
Wilson ** V ” connection was used as the remote electrode. The tube can either be swallowed or 
passed through the nose. Most patients prefer to swallow it. The tube is marked at intervals of 
2 cm., from 24 cm., at which level the tip will be above the auricle, to 56 cm. when it will be in 
the stomach. No attempt was made to verify the position of the electrode by screen observation 
before taking records as this adds to the time required, and inspection of any record will show if 
the tube has coiled in the throat. When the tube has been swallowed to the desired level, usually 
about 50 cm., a strip is exposed and records are made at 2-cm. intervals until the complexes are 
supra-auricular in type, which is usually above 30 cm. 

The normal cesophageal record at the ventricular level resembles lead F. There is a positive 
P, a ventricular R and a positive T. As the tube is withdrawn the P waves become peaked, a 
ventricular Q appears, and T becomes negative. Above 40 cm. the auricular intrinsicoid deflection 
begins. Normally, this has first an auricular R. Later R becomes small and is followed by an S. 
As the supra-auricular levels are approached, the complex becomes W shaped, and then merges 
into the small broad negative P deflection of lead R. 

The auricular T wave is seen in cases of heart block, since normally it is buried in the ventricular 
complex. At the lower auricular levels the T wave is a broad shallow negative deflection. When 
the auricular S predominates it changes to an upward dome-shaped deflection. 

(Esophageal tracings at auricular levels of auricular fibrillation resemble lead V I, except when 
the deflections are larger. There is no sharp intrinsicoid deflection. The appearances are what 
might be expected if the auricle were activated seriatim by impulses originating in a circulating 
wave. In auricular paroxysmal tachycardia the auricular rate and rhythm can always be estab- 
lished beyond doubt. The auricular intrinsic deflections are of sufficient size to be obvious, even 
when they coincide with the ventricular complexes. In auricular flutter the same sharp intrinsicoid 
deflections occur as in auricular tachycardia and the records are quite unlike those of fibrillation. 
They do not favour the idea of a circus movement in flutter. The independent auricular rhythm 
in ventricular tachycardia is well seen. 

The results at the ventricular levels have been disappointing. Some posterior infarcts have 
shown up well, but only when they were obvious in lead II] and F. When the signs were equivocal 
in these leads, they were also equivocal in the esophageal lead. There are probably two reasons 
for this. High posterior infarcts are near the transitional zone in which a ventricular Q and a 
negative T are normal findings. Secondly, records taken from patients with bundle branch block 
show that in most cases the esophagus faces the right ventricle or the septum at its lower end. 


THE EFFECT OF DIGOXIN ON THE RIGHT VENTRICULAR PRESSURE IN HYPERTENSIVE AND ISCHA:MIC 
HEART DISEASI 


By M. ETHERIDGE (introduced). Published in full, Brit. Heart J. 1950, 12, 317. 


VENOUS PRESSURE PULSES IN CLINICAL HEART FAILURE 
By E. P. SHARPEY-SCHAFER. 
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COMPARISON OF FICK AND DYE METHOD OF CARDIAC OUTPUT ESTIMATION AND OBSERVATIONS ON 
CIRCULATION TIME 


By H. KOPELMAN and G. d. J. LEE (introduced). Time concentration curves have been obtained 
from arterial blood following injection of the dye T. 1824. From these curves the minute cardiac 
output and the intrathoracic blood volume have been calculated. Comparison has been made 
between this method of calculating cardiac output and that using the Fick principle at the same 
time. This shows a satisfactory correlation. 

The rise and fall in taste sensation following saccharine solution injection was compared to 
the dye time concentration curves. 


FIRST EFFORT ANGINA 

By R. KEMBALL Price. First effort angina may be defined as that which develops soon after 
a particular effort begins, but which disappears despite continuation of that effort. A brief pause 
or curtailment on account of the pain is usual but not invariable, and thereafter the particular 
effort may be completed or even extended without further discomfort. This form of angina pectoris 
has been compared in respect of pain with ** second wind ” in respect of dyspneea. 

While few anginal patients voluntarily describe it, one out of five patients presenting with 
anginal pain might admit that they have experienced this modification of it, if questioned. No 
evidence has been found to suggest that the prognosis differs from that of angina pectoris generally. 
In course of time it gives place to the usual form which compels relinquishment of the effort. It 
is possible in a proportion of cases to prevent the first effort pain by nitroglycerine taken before 
starting. 

It seems likely that the difficult start is due to failure of the coronary arterioles to dilate soon 
enough on first effort. Narrowing of a large coronary vessel from arterial disease might pre- 
dispose to transient spasm of the arterioles it serves, and might also tend to reduce the influence 
of the rise of aortic pressure at the beginning of exercise on coronary flow. 


THE CORONARY ARTERIES IN CARDIAC HYPERTROPHY 


By J. P. SHILLINGFORD. The study of the coronary arterial circulation by injection and radio- 
graphy at necropsy has shown that the changes of the arterial vascular pattern in left ventricular 
hypertrophy tend to fall into three groups; those in malignant hypertension show an increase in 
the size of the main coronary vessels with an attenuation of the smaller branches ; in aortic valve 
disease all the vessels, large and small, are increased in size; in benign hypertension, where athero- 
matous narrowing of the larger vessels has occurred, there is a great increase in the finer 
vasculature. 

Histologically the increase in the finer vasculature tends to accompany focal ischemic myocardial 
degeneration and fibrosis. 


SOME OBSERVATIONS ON THE ACTION OF TRINITRIN ON VENOUS PRESSURE AND OTHER CIRCULATORY 
FACTORS 
By WALLACE BRIGDEN. The effects of trinitrin on the circulation have been studied in twenty 
patients using the technique of cardiac catheterization. There is a fall of right auricular pressure 
which is not due to an increase in heart rate. The cardiac output tends to fall in patients with 
a relatively normal circulation. These effects are probably due to a pooling of blood in the 
periphery. 
HORIZONTAL TOMOGRAPHY OF THE CHEST 
By J. J. STEVENSON (introduced). The purpose of this form of tomography is to take body 
sections at right angles to those taken with the conventional type of equipment. It necessitates a 
special and somewhat complicated type of apparatus. 





nr 


a 


rT 


~ fF we 





ON 


ied 
lac 
de 
me 


to 


ty 
re 
th 








BRITISH CARDIAC SOCIETY 433 


The cross-section views show considerable detail of the mediastinal structures and give an 
outline of the heart. 

The aorta is shown throughout its course in the chest and congenital and other abnormalities 
are clearly seen. Among other cases, double aortic arch, right-sided aorta, and coarctation, are 
demonstrated. 

A full account of the apparatus and the results obtained are given in the British Journal of 
Radiology of June, 1950. 


THE ELECTROCARDIOGRAM OF SYPHILITIC HEART DISEASE 


By G. O. Storey (introduced). The cardiograms in 72 cases of cardiovascular syphilis were 
examined. They were often abnormal (46 out of 72); this was commoner in those with cardiac 
pain (22 out of 26). Cardiographic evidence of cardiac ischemia was found in 14 cases, but the 
classical evidence of cardiac infarction shown by the development of Q waves was seen in one case 
only. 

A changing cardiogram, although not specific of cardiovascular syphilis, was present in 9 cases. 
From the examination of pathological material, the underlying changes in the myocardium appear 
to be necrosis with subsequent fibrosis, usually confined to small scattered areas but occasionally 
larger. Large areas of frank cardiac infarction were not found, unless there was coincident coronary 
atheroma, and in these cases there was usually little or no stenosis of the coronary arteries from 
the aortitis. 


UNIPOLAR ELECTROCARDIOGRAPHY IN PULMONARY STENOSIS 


By R. M. MARQUIS (introduced). The electrocardiographic features of seven cases of congenital 
pulmonary stenosis with intact ventricular septum are reported in illustration of the pattern of 
extreme right ventricular hypertrophy common in this malformation. The chief characteristics 
of this pattern are seen in the chest leads which show tall R waves, S-T depression, and deep 
inversion of the T waves extending far across the left side of the chest. 

The diagnosis was supported by necropsy findings in four of the cases. It is suggested that the 
right ventricle hypertrophies in proportion to the degree of the stenosis in relation to the right 
ventricular output, and that unipolar electrocardiography, by recording the degree of the hyper- 
trophy, affords an accurate measure of the severity of the stenosis. 

Evidence is presented to show that the development of the electrocardiographic pattern described 
precedes clinical deterioration, change in the radiological appearance of the heart, the onset of 
right ventricular failure, and diffuse fibrosis of the myocardium. This pattern is characteristic irre- 
spective of patency of the foramen ovale, post-stenotic dilatation of the pulmonary artery, the exact 
site of the stenosis, and of heart size on radioscopy. 

The significance of this electrocardiographic pattern is discussed in relation to diagnosis, prog- 
nosis, and surgical treatment of the malformation. 
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Surgical Treatment of the * Cardiac Lung”. Ligation 
of the Inferior Vena Cava and/or Tricuspid Valvulotomy. 
P. Cossio and I. PeRIANES. J. Amer. med. Ass., 140, 
772-776, July 2, 1949. 

Surgical treatment of cor pulmonale must be directed 
towards restoring equilibrium between the right and left 
ventricles. Two types of operation were devised by the 
present authors. The one is intended to drain off blood 
from the pulmonary venous system towards some sector 
of the systemic circulation by end-to-end anastomosis 
of a large pulmonary vein with the axillary artery, the 
splenic vein, or the azygos vein. In the other the aim is 
to reduce right ventricular output either by creating 
tricuspid regurgitation by tricuspid valvulotomy, or by 
reducing the return of venous blood to the right side of 
the heart by ligation of the inferior vena cava. These 
last two procedures were attempted in patients suffering 
from heart failure and permanent orthopnea. There 
was an immediate and dramatic improvement, which was 
maintained for over 6 months. John Borrie 


The Sounds and Murmurs in Coarctation of the Aorta. A 
Study by Auscultation and Phenocardiography. B. G. 
WELLS, M. B. Rappaport, and H. B. SPRAGUE. 
Amer. Heart J., 38, 69-79, July, 1949. 


The cardiac murmurs of coarctation of the aorta may 
arise in the heart, in the isthmus of the aorta, in dilated 
collateral vessels, or in associated valvular deformities. 
They may be systolic or diastolic. The significance of 
murmurs heard in 15 patients has been analysed with the 
help of subsequent quantitative phonocardiography. 
A systolic murmur was heard over the dorsal spine in all 
cases, and over the precordium in 5. Some systolic and 
diastolic murmurs were louder over the spine than over 
the precordium—a finding never recorded in un- 
complicated aortic valve deformity or patent ductus 
arteriosus. All murmurs were louder over the spine 
than over collateral vessels. 

Phonocardiographic records showed diastolic vibra- 
tions to be present over the dorsal spine in all cases 
(a murmur being heard in only 6), these vibrations being a 
decrescendo continuation of the systolic vibrations. 
Diastolic vibrations were also found over the pre- 
cordium in 10 patients (a murmur being heard here only 
in 5); these vibrations had a different form, and probably 
a different cause, from those found over the back and in 
most cases resembled the diastolic vibrations of aortic 
insufficiency. The authors conclude that two findings 
are characteristic of coarctation: (1) systolic and 
diastolic vibrations most intense over the dorsal spine: 
and (2) a reversal of normal asynchronism of the brachial 
and femoral pulses, the femoral pulse occurring later than 
the brachial in coarctation. A. S. Dixon 


Revascularization of the Heart. C. S. Beck. Surgery, 

26, 82-88, July, 1949. 

The author’s considerable clinical and experimental 
work on revascularization of the ischemic heart has been 
conducted along three lines: (1) The grafting of vascular- 
ized tissues on to the surface of the heart, with the 
expectation that vessels will grow across from the graft 
to the heart (cardio-omentopexy). (2) The development 
of intercoronary channels. (3) The supply of arterialized 
blood to the coronary sinus. The first two methods have 
been discussed in previous reports; this communication 
is concerned with the third method. 

The following observations were made on those dogs 
in which an anastomosis was successful. Immediate 
ligation of the descending branch of the left coronary 
artery caused death or extensive infarction. The animal 
was not protected by the anastomosis. Ligation of the 
descending branch of the coronary artery 2 weeks after 
the anastomosis was followed by immediate recovery. 
In 6 of the 10 specimens examined later there was only a 
small infarct. It would appear that it takes time for the 
beneficial effects of the anastomosis to become apparent. 
The author has so far operated upon only one patient. 

W. P. Cleland 


An Experimental Study in Cardiac Massage. J. JOHNSON 
and C. K. Kirsy. Surgery, 26, 472-478, Sept., 1949. 


Most authorities recommend that, in the treatment of 


cardiac arrest during surgical operation, cardiac massage 
should be carried out at a rate slower than that of the 
normal heart beat, the idea being to allow of a more 
complete filling of the heart and a higher minute volume 
of output. Such a hypothesis has no experimental basis 
and the present work was carried out to ascertain the 
relation between the rate of manual cardiac compression 
and the artificial circulation produced in heparinized 
anesthetized dogs. It was shown that the rate of flow, 
whether measured in the aorta or carotid artery, increased 
markedly with increasing rates of compression up to 
120 per minute. 

Owing to vascular dilatation and low systolic pressure 
the venous return to the heart is poor during attempted 
cardiac resuscitation. The authors found that the rapid 
intravenous injection of blood increased the blood flow 
obtainable by compression of the heart. They also 
found that artificial ventilation of the lungs with inter- 
mittent intratracheal positive pressure was completely 
ineffective in restoring blood flow as measured by 
connecting the bubble meter to the abdominal aorta 
retroperitoneally. Cardiac massage by compressing the 
heart against the chest wall was only one-half as effective 
as compressing it between fingers and thumb, while when 
performed through the intact diaphragm it was only 
one-tenth as effective. H. J. Croot 
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Complete Transposition of the Aorta and a Levoposition 
of the Pulmonary Artery. Clinical, Physiological, and 
Pathological Findings. H. B. Taussic and R. J. BING. 
Amer. Heart J., 37, 551-559, April 1, 1949. 

A case is described in which transposition of the aorta, 

with a large pulmonary artery arising primarily from the 

hypertrophied right ventricle and partially overriding the 

defective ventricular septum, was found at necropsy in a 

girl aged 54. 

The patient had been cyanosed from birth. The 
electrocardiogram showed evidence of right ventricular 
hypertrophy and fullness of the pulmonary conus and 
increased hilar shadows were seen at radiographic 
examination. By cardiac catheterization the blood in 
the pulmonary artery was shown to have a higher oxygen 
content than that in the aorta. The child died during the 
performance of an angiocardiogram in which 3 intra- 
venous injections of 19 ml. of 70°, ** diodrast ** (diodone) 
were given. The authors believe that any condition in 
which the injection of diodrast materially decreases the 
supply of oxygen to the body is dangerous, and that in 
this case the increased pressure in the right side of the 
heart during angiocardiography may have blocked the 
supply of oxygenated blood to the circulation. 

H. E. Holling 


Results of High Dorsolumbar Sympathectomy for Hyper- 
tension. J. A. Evans and C. C. BARTELS. Ann. 
intern. Med., 30, 307-329, Feb., 1949. 


In 173 patients with hypertension a virtually total 
sympathectomy (D4 to L3) produced a significantly 
higher proportion of good results with a greater perman- 
ence than had been obtained with less radical procedures. 
The rationale of the operation is the resection of a higher 


somatic sympathetic distribution and the prevention of 
splanchnic-nerve regeneration by creating a longer bed of 


scar tissue through which it must grow. For 6 months 
after this high dorso-lumbar sympathectomy convales- 
cence is uncomfortable and prolonged by the resultant 
profound orthostatic hypotension, a special corset with 
spring suprapubic pad and pneumatic leggins being 
necessary to enable these patients to get about. There is 


no evidence, however, that ultimate symptomatic relief 


in hypertensive patients relates directly to the fall in 
blood pressure in the erect position rather than in the 
supine. This operation is recommended for patients 
under 50 years of age, with a labile blood pressure, 
spastic, exudative, and hemorrhagic retinal arteriolar 
changes, moderate cardiac damage, and signs of early 
renal disease. J. L. Lovibond 


Psychiatric Factors in Essential Hypertension. W. I. 
Tucker. Dis. nerv. Syst., 10, 273-278, Sept., 1949. 
A psychiatric study was made of 100 patients, aged 
20 to 55, suffering from essential hypertension and free 
from significant cardiac, cerebral, or renal damage, 
because emotional factors seemed to be important in the 
condition. Although a particular type of personality 
is often present in hypertensive patients, it cannot be 
concluded that this is the cause of hypretension. 
F. F. Kino 





An Experimental Study of Collateral Coronary Circulation 
Produced by Cardiopneumonopexy. B. N. CARTER, 
E. A. GALL, and C. L. WApswortH. Surgery, 25, 
489-509, April, 1949. 

The production of a collateral coronary circulation is 

one of the possible methods of relieving cardiac ischemia 

in coronary disease. This has been attempted in various 
ways and muscle, omentum, and lung have been grafted 
on to the ventricular muscle for the purpose. 

The present authors describe their experiences with 
54 animals, in a number of which the lung was grafted on 
to the heart and the left coronary artery then ligated. 
In comparison with a control series in which only 
ligation of the coronary artery was performed, the 
cardio-pneumonopexy appeared to have a_ protective 
value. Detailed histological studies of the new vascular 
channels showed that the superficial and also some of the 
deep vessels of the myocardium were supplied with 
blood from the graft. T. Holmes Sellors 


Resection of Temporal and Occipital Vessels in Sympto- 
matic Treatment of Hypertension, A. V. BONDAR- 
CHUK. Vop. Neirokhir., 13, No. 4, 22-26, July—Aug., 
1949, 

Operations on the sympathetic nervous system for hyper- 

tensive disease have a strikingly favourable influence 

on the complex of subjective symptoms, even when 
failing to lower the blood pressure. But there are 
certain cases of persistent headache uninfluenced by 
operation or by fall of blood pressure. In an attempt to 
relieve the subjective symptoms of hypertension the 
author has carried out a resection of the temporal and 
occipital vessels in 26 patients at Leningrad. The series 
included both male and female patients whose ages ranged 
from 31 to 70 years, with cerebral, cardio-cerebral, 
cardio-renal, and malignant forms of hypertensive 
disease in the 3rd to Sth stages and a history of illness 
ranging from | to 11 years. The blood pressure figures 
ranged from 130/80 to 245/125 mm. Hg. The symptoms 
consisted of headache, vertigo, tinnitus, weakness, and 
flushes. Of the 26 patients, 21 derived benefit from the 
operation. The good result was not confined to any 

particular form of disease and was observed both in mild 

and in very severe and advanced cases. 

Z. W. Skomoroch 


Thyrotoxic Auricular Fibrillation Treated with Thiouracil. 
J. F. Goopwin. Brit. med. J., 1, 895-897, May 21, 
1949. 

Of 144 thyrotoxic patients attending an endocrine clinic, 

28 (19°%) had auricular fibrillation. All cases were 

of secondary thyrotoxicosis and had been treated with 

thiouracil compounds for not longer than 2 years. 

Their ages ranged from 32 to 68 years (average 50). In 

2 patients the disease was not yet under control and they 

were therefore excluded from the analysis. Of the 

remaining 26 patients, 13 (50°,) reverted to sinus rhythm 
while under thiouracil treatment, the average dose being 

50 mg. daily, while in the other 13 fibrillation persisted 

during thiouracil treatment over periods ranging from 

1 month to 2 years (average 11 months). 

A. R. Kelsall 
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Effect of Sympathectomy on Blood Pressure in Hyper- 
tension. A Review of Thirteen Years’ Experience at the 
Massachusetts General Hospital. K. A. EveLyn, 
F. ALEXANDER, and S. R. Cooper. J. Amer. med. 
Ass., 140, 592-602, June 18, 1949. 


From 1935 to 1947 approximately 400 patients were 
operated on for hypertension in the public wards of the 
Massachusetts General Hospital. Of these, 292 resided 
in the State of Massachusetts and were available for long 
follow-up study. The first 35 of these patients had only a 
supradiaphragmatic operation and were not included in 
this review. The Smithwick lumbo-dorsal operation was 
carried out in 223, and 34 were operated on by different 
techniques aimed at producing a more radical resection 
of the sympathetic chain. The 34 cases in the last group 
were too recent to be included in this survey. From year 
to year there was an almost constant ratio of females to 
males of 1:8 to |. The average age of the females was 
39-6, of the males 40-2 years: 70°, were between 30 and 
50 years of age, but 18°, were below 30 and 12°, over 
50 years. In the early post-operative period postural 
hypotension was a pronounced feature, but this largely 
disappeared during the first year. To determine the 
long-term effects of the operation, 100 patients were 
available for a 5-year period (36 males and 64 females). 
Of these, 8 had a normal blood pressure and in 13 the 
pressure was significantly reduced at the end of the 
5 years, whereas 52 showed no significant reduction in 
blood pressure and 27 were dead. The results in the 
same 100 patients after 2 years had been rather better 
in that in 41 there was a favourable and in 59 an unfavour- 
able result. The second group of 100 cases followed up 
for 2 years was rather less satisfactory, a favourable result 
being obtained in only 35. It is thus clear that the 
value of sympathectomy in the relief of hypertension 
becomes less as the length of the follow-up period 
increases. C. Bruce Perry 


Wilhelm His, Jr. and the Bundle of His. T. H. Bast 
and W. D. Garpner. J. Hist. Med., 4, 170-187, 
Spring, 1949. 


Wilhelm His junior was pre-eminently a clinician, and 
for that reason the discovery of the famous ** bundle * 


is commonly ascribed to his father, who was professor of 
anatomy at Leipzig. The early training of the younger 


His by his father was given in anatomy, embryology, 
serial sections, and modelling technique. Selected 
quotations describe His’s interest in the mechanism 
of cardiac action at this time and include the original 
brief description: ** I have succeeded in finding a muscle 
bundle which unites the auricular and ventricular septal 
walls’. He records that he was able to demonstrate it 
**in a grown mouse, a newborn dog, two newborn and 
one adult (30-year-old) human”. This important 
paper, which is something of a rarity, was published in 
the Arbeiten aus der Medizinischen Klinik zu Leipzig 
(1893, p. 1). He published a brief account of transection 
experiments on the bundle in Wiener medizinische 
Blatter (1894, 17, 653) and a more detailed description 
forty years later (Klin. Wschr., April 15, 1933). 
Calvin P. B. Wells 


Clinical Studies on Twenty-one Cases of Coarctation of the 
Aorta. M. J. SHAPIRO. Amer. Heart J., 37, 1045 
1053, June, 1949. 

This report is based on cases of coarctation of the aorta 
seen by the author and studied for periods of up to 
ten years. Though the most significant diagnostic sign 
of coarctation is increase in blood pressure in the arms 
with diminution in pressure in the legs, the increase 
in pressure may not develop, and rib erosion may be 
absent, in young patients. Careful study of the back may 
reveal evidence of collateral circulation, and the finding 
of diminution in femoral pulsation may help to prevent 
the diagnosis being missed. 

There does not appear to be a good correlation between 
the height of blood pressure in the arms and the degree of 
coarctation, nor does it appear possible to forecast in 
which cases hypertension will develop. When erosion of 
the ribs occurs in a young subject it may be concluded that 
marked constriction of the aorta is present, but advanced 
coarctation may occur without evidence of erosion. 

Surgical treatment should preferably be carried out on 
patients between the ages of 10 and 20 years. Out of 
128 patients operated upon 20 died during or soon after 
operation. For various reasons in 18 cases instead of an 
aortic anastomosis, anastomosis of a subclavian artery 
to the aorta had been carried out; this practice is now 
known to be unsatisfactory. H. E. Holling 


Observations on the Anatomy of the Atrioventricular 
Bundle (Bundle of His) and the Question of Other 
Muscular Atrioventricular Connections in Normal 
Human Hearts. A. D. Kistin. Amer. Heart J., 
37, 849-867, May, 1949. 

The accepted concept of the spread of excitation through 

human heart muscle has recently been questioned by 

Glomset. Instead of the myogenic theory of conduction, 

therefore, Glomset suggests that a well-developed intrinsic 

cardiac nervous system is responsible for the spread of 
cardiac excitation. 

With the object of reconsidering the theory of cardiac 
conduction in the light of this recent suggestion the 
hearts of 3 adults and one newborn infant were closely 
studied. The results of these examinations did not con- 
firm the anatomical observations on which Glomset’s 
criticism is based. 

The following points were made. (1) There is 
normally a constant atrioventricular muscular bundle 
originating in the atrioventricular node and dividing into 
left and right branches. (2) The atrioventricular node 
has a number of connexions with atrial muscle. (3) No 
atrioventricular muscular connexions other than the 
bundle of His were found in a systematic search of a few 
normal hearts. (4) There is inadequate evidence to show 
that accessory atrioventricular muscular connexions 
(such as are held to account for anomalous atrio- 
ventricular excitation) are not present in normal hearts 
as well as in cases of Wolff-Parkinson-White syndrome, 
in which they have been demonstrated. (5) In the new- 
born babe a possible accessory muscular pathway was 
demonstrated, leading from the bundle of His directly to 
the septal myocardium and by-passing the main bundle 
branches. H. E. Holling 
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